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June A. Munford 
Curriculum Vitae 

Education 

University of Wisconsin-Milwaukee - MS, Library & Information Science, 2009 
Milwaukee, WI 

● Coursework included cataloging, metadata, data analysis, library systems,
management strategies and collection development.
● Specialized in library advocacy, cataloging and public administration.

Grand Valley State University - BA, English Language & Literature, 2008 
Allendale, MI 

● Coursework included linguistics, documentation and literary analysis.
● Minor in political science with a focus in local-level economics and
government.

Professional Experience 

Researcher / Expert Witness, October 2017 – present 
Freelance ● Pittsburgh, Pennsylvania & Grand Rapids, Michigan 

● Material authentication and public accessibility determination.
Declarations of authenticity and/or public accessibility provided upon
research completion. Experienced with appeals and deposition process.

● Research provided on topics of public library operations, material
publication history, digital database services and legacy web resources.

● Past clients include Alston & Bird, Arnold & Porter, Baker Botts, Fish &
Richardson, Erise IP, Irell & Manella, O'Melveny & Myers, Perkins-Coie,
Pillsbury Winthrop Shaw Pittman and Slayden Grubert Beard.

Library Director, February 2013 - March 2015 
Dowagiac District Library ● Dowagiac, Michigan 

● Executive administrator of the Dowagiac District Library. Located in
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Southwest Michigan, this library has a service area of 13,000, an annual 
operating budget of over $400,000 and total assets of approximately 
$1,300,000. 

 
● Developed careful budgeting guidelines to produce a 15% surplus during 
the 2013-2014 & 2014-2015 fiscal years while being audited. 
 
● Using this budget surplus, oversaw significant library investments 
including the purchase of property for a future building site, demolition of 
existing buildings and building renovation projects on the current facility. 
 
● Led the organization and digitization of the library's archival records. 
 
● Served as the public representative for the library, developing business 
relationships with local school, museum and tribal government entities. 
 
● Developed an objective-based analysis system for measuring library 
services - including a full collection analysis of the library's 50,000+ 
circulating items and their records. 
 

November 2010 - January 2013 
Librarian & Branch Manager, Anchorage Public Library ● Anchorage, Alaska 
 

● Headed the 2013 Anchorage Reads community reading campaign 
including event planning, staging public performances and creating 
marketing materials for mass distribution. 
 
● Co-led the social media department of the library's marketing team, 
drafting social media guidelines, creating original content and instituting 
long-term planning via content calendars. 
 
● Developed business relationships with The Boys & Girls Club, Anchorage 
School District and the US Army to establish summer reading programs for 
children. 

 
June 2004 - September 2005, September 2006 - October 2013 
Library Assistant, Hart Area Public Library 
Hart, MI 
 

● Responsible for verifying imported MARC records and original MARC 
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cataloging for the local-level collection as well as the Michigan Electronic 
Library. 

 
● Handled OCLC Worldcat interlibrary loan requests & fulfillment via 
ongoing communication with lending libraries. 

 
 
Professional Involvement 
 
Alaska Library Association - Anchorage Chapter 

● Treasurer, 2012 
 
Library Of Michigan 

● Level VII Certification, 2008 
● Level II Certification, 2013 

 
Michigan Library Association Annual Conference 2014 

● New Directors Conference Panel Member 
 
Southwest Michigan Library Cooperative 

● Represented the Dowagiac District Library, 2013-2015 
 
 
Professional Development 
 
Library Of Michigan Beginning Workshop, May 2008  
Petoskey, MI 

● Received training in cataloging, local history, collection management, 
children’s literacy and reference service. 

 
Public Library Association Intensive Library Management Training, October 2011  
Nashville, TN 

● Attended a five-day workshop focused on strategic planning, staff 
management, statistical analysis, collections and cataloging theory. 

 
Alaska Library Association Annual Conference 2012 - Fairbanks, February 2012 
Fairbanks, AK 

● Attended seminars on EBSCO advanced search methods, budgeting, 
cataloging, database usage and marketing. 
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Depositions 
 
2019 ● Fish & Richardson 

Apple v. Qualcomm (IPR2018-001281, 39521-00421IP, IPR2018-01282  
and 39521-00421IP2) 
 

2019 ● Erise IP 

 Implicit, LLC v. Netscout Systems, Inc (Civil Action No. 2:18-cv-53-JRG) 
 
2019 ● Perkins-Coie 

 Adobe Inc. v. RAH Color Technologies LLC (Cases IPR2019-00627, 
 IPR2019-00628, IPR2019-00629 and IPR2019-00646) 
 
2020 ● O’Melveny & Myers 

 Maxell, Ltd. v. Apple Inc. (Case No. 5:19-cv-00036-RWS) 
 
2021 ● Pillsbury Winthrop Shaw Pittman LLP 

 Intel v. SRC (IPR2020-1449) 
 
2022 ● Perkins-Coie 

 Realtek v. Future Link (IPR2021-01182) 
 

2023 ● Fish & Richardson 

 Neuroderm Ltd. v. Abbvie, Inc (Case No. PGR2022-00040) 
 

2023 ● Fish & Richardson 

 Nearmap US Inc. v. Pictometry International Corp. (IPR2022-00735)  
 

2023 ● Fish & Richardson 

 Samsung Electronics v. MemoryWeb LLC (Case No. 39843-0136PS1)  
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2023 ● Pillsbury Winthrop Shaw Whitman LLP 

Gravel Rating Systems v. Costco Wholesale Corp. (Civil Action No.  
          4:21-cv-149-ALM) 

 

2024 ● Willkie-Farr 

Netflix, Inc. v. VideoLabs. Inc. (IPR2023-00628) 
 
 
Limited Case and Clientele History  
 
Alston & Bird 

● Ericsson 

  v. Collision Communications (IPR2022-01233) 
 

 ● Nokia  

          v. Neptune Subsea, Xtera (Case No. 1:17-cv-01876) 
 

 ● Universal Electronics Inc  

          v. Roku Inc (IPR2022-00818) 

 
 
Arnold & Porter 

● Ivantis  

          v. Glaukos (Case No. 8:18-cv-00620) 
 

● Samsung  

          v. Jawbone (Case No. 2:21-cv-00186) 
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Benesch Friedlander Coplan & Aronoff 

● Voyis 

 v. Cathx (Case No.  5:21-cv-00077-RWS) 

 

Deschert LLP 

 ● Smaxtec Animal Care 

  v. ST Reproductive Technologies, LLC (IPR2024-00885) 

 

Erise I.P. 
 ● Apple 

  v. Ericsson Inc. (IPR2022-00715) 

v. Future Link Systems (IPRs 6317804, 6622108, 6807505, and  
  7917680) 

  v. INVT (Case No. 20-1881)  

  v. Navblazer LLC (IPR2020-01253) 

  v. Qualcomm (IPR2018-001281, 39521-00421IP, IPR2018-01282,  
  39521-00421IP2) 

  v. Quest Nettech Corp (Case No. 2:19-cv-00118-JRG) 

v. Telefonaktiebolaget LM Ericsson (IPR2022-00275) 

v. Theta IP, LLC (IPR2024-00818) 
 

● Fanduel  

          v. CGT (Case No. 19-1393) 
 

● Garmin  

          v. Phillips North America LLC (Case No. 2:19-cv-6301-AB-KS) 
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● Netscout  

  v. Longhorn HD LLC (Case No. 2:20-cv-00349) 

  v. Implicit, LLC (Civil Action No. 2:18-cv-53-JRG)  

 
● Sony Interactive Entertainment LLC  

  v. Bot M8 LLC (IPR2020-01288) 

  v. Infernal Technology LLC (Case No. 2:19-CV-00248-JRG) 

 
● Unified Patents  

  v. GE Video Compression (Civil Action No. 2:19-cv-248) 

 

Fish & Richardson 

 ● Apple 

  v. AliveCor (3:21-cv-03958) 

v. LBS Innovations (Case No. 2:19-cv-00119-JRG-RSP) 

  v. Koss Corporation (IPR2021-00305) 

  v. Masimo (IPR 50095-0012IP1, 50095-0012IP2, 50095-0013IP1,  
  50095-0013IP2, 50095-0006IP1, 50095-0135IP1) 

  v. Neonode (Case No. 21-cv-08872-EMC) 

  v. Qualcomm (IPR2018-001281, 39521-00421IP, IPR2018-01282,  
  39521-00421IP2) 
 

 ● Dell 
  v. Neo Wireless (IPR2022-00616) 

 

 ● Dish Network  

  v. Entropic Communications, LLC (Case No. 2:2023-CV-01043) 
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v. Realtime Adaptive Streaming (Case No. 1:17-CV-02097-RBJ) 

v. TQ Delta LLC (Case No. 18-1798) 
 

● Evapco Dry Cooling 

 v. SPG Dry Cooling (IPR2021-00688) 
 

 ● Genetec 

  v. Sensormatic Electronics (Case No. 1:20-CV-00760) 
 

● Huawei  

          v. Bell Northern Research LLC (IPR2019-01174) 
 

● Kianxis 

          v. Blue Yonder (Case No. 3:20-cv-03636) 
 

● LG Electronics  

          v. Bell Northern Research LLC (Case No. 3:18-cv-2864-CAB-BLM) 

 

● Metaswitch 

          v. Sonus Networks (IPR2018-01719) 
 

● Microsoft 

  v. Throughputer Inc (IPR2022-00757) 

 
● Mom Enterprises  

  v. Ddrops Company (Case No. 1:22-cv-00332) 
 

● MLC Intellectual Property  
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          v. MicronTech (Case No. 3:14-cv-03657-SI) 
 

● Nearmap Inc 

v. EagleView Technologies (IPR2022-01009) 

 
● Neuroderm Ltd.  

  v. Abbvie, Inc (Case No. PGR2022-00040) 
 

● Realtek Semiconductor 

          v. Future Link (IPR2021-01182) 
 

● Quectel  

          v. Koninklijke Philips (Case No. 1:20-cv-01710) 
 

● Samsung  

v. Aire Technology (IPR2022-00877) 

v. Bell Northern Research (Case No. 2:19-cv-00286-JRG) 

v. Communication Technologies Inc (IPR2022-01221) 

v. Jawbone Innovations (IPR2022-00865) 

v. MemoryWeb LLC (IPR2022-00885) 

v. Dodots Licensing Solutions (IPR2023-00701) 

v. Telefonaktiebolaget LM Ericsson (IPR2021-00615) 
 

● Texas Instruments 

 v. Vantage Micro LLC (IPR2020-01261) 
 

● Xilinx  

  v. Sentient Sensors LCC (Case No. 1:22-cv-00173) 
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Groombridge Wu 

 ● Nearmap 

v. Eagle View Technologies Inc. and Pictometry International Corp. 
(Case No. 2:21-cv-00283-TS-DAO) 

 

Irell & Manella 

 ● Curium 

 

O’Melveny & Myers 

 ● Apple  

            v. Maxell (Case No. 5:19-cv-00036-RWS) 

 

● Disney Media & Entertainment Distribution LLC 

v. Digital Media Technology Holdings, LLC (Case No. 2:22- 

cv-01642) 
 

● Micron Technology Inc. 

 v. Besang Inc (IPR2023-00900) 

 

● Samsung 

  v. Daedalus Prime LLC (1335 Investigation) 

 
 
Perkins-Coie 

● Amazon 

 v. Nokia (IPR2024-00847 and IPR2024-00848) 
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 ● Heru Industries 

v. The UAB Research Foundation (IPR2022-01148) 
 
● Intel Corporation 

   v. BeSang Inc. (IPR2023-00991) 

  v. BitMICRO (Case No. 5:23-cv-00625) 

v. Telefonaktiebolaget L M Ericsson (IPR2024-00610) 

 
● Realtek Semiconductor 

          v. Future Link (IPR2021-01182) 

 
● Twitter Inc 

 v. VOIP-Pal.com (Case No. 3:20-cv-02397-JD) 
 

● TCL Industries  

   v. Koninklijke Philips NV (IPR2021-00495, IPR2021-00496  
                    and IPR2021-00497) 
 
  
Pillsbury Winthrop Shaw Pittman 
 
 ● Intel 

   v. FG SRC LLC (Case No. 6:20-cv-00315) 
 
 ● Gravel Rating Systems 

  v. Costco (Case No. 4:21-cv-149) 
  v. Lowe’s Home Centers (Case No. 4:21-cv-150) 
  v. T-Mobile USA (Case No. 4:21-cv-152) 
   v. Kohl’s Inc. (Case No. 4:21-cv-258) 
   v. Under Armor (Case No. 4:21-cv-356) 
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Quinn Emanuel 

 ● ServiceNow, Inc. 

v. InQuisient, Inc. (Case No. 22-900-CJB) 

● Wolfspeed 

  v. The Trustees of Purdue University (Case No. 1:2021-cv-00840) 

  

Sheppard, Mullin, Richter & Hampton LLP 

          ● Cadence Design Systems Inc.  

  v. Semiconductor Design Technologies (Case No. 3:23-cv-01001) 

 

Stern, Kessler, Goldstein & Fox 

 ● Preliminary Research 

 

Willkie, Farr & Gallagher LLP 

 ● Neurent 

  v. The Foundry, LLC (IPR2024-00669) 

● Netflix, Inc.  

v. VideoLabs, Inc. (IPR2023-00628) 
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COLORECTAL CANCER

Risk of progression of advanced adenomas to colorectal
cancer by age and sex: estimates based on 840 149
screening colonoscopies
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Gut 2007;56:1585–1589. doi: 10.1136/gut.2007.122739

Objectives: To derive age and sex specific estimates of transition rates from advanced adenomas to colorectal
cancer by combining data of a nationwide screening colonoscopy registry and national data on colorectal
cancer (CRC) incidence.
Design: Registry based study.
Setting: National screening colonoscopy programme in Germany.
Patients: Participants of screening colonoscopy in 2003 and 2004 (n = 840 149).
Main outcome measures: Advanced adenoma prevalence, colorectal cancer incidence, annual and 10 year
cumulative risk of developing CRC among carriers of advanced adenomas according to sex and age (range
55–80+ years)
Results: The age gradient is much stronger for CRC incidence than for advanced adenoma prevalence. As a
result, projected annual transition rates from advanced adenomas to CRC strongly increase with age (from
2.6% in age group 55–59 years to 5.6% in age group >80 years among women, and from 2.6% in age
group 55–59 years to 5.1% in age group >80 years among men). Projections of 10 year cumulative risk
increase from 25.4% at age 55 years to 42.9% at age 80 years in women, and from 25.2% at age 55 years
to 39.7% at age 80 years in men.
Conclusions: Advanced adenoma transition rates are similar in both sexes, but there is a strong age gradient
for both sexes. Our estimates of transition rates in older age groups are in line with previous estimates derived
from small case series in the pre-colonoscopy era independent of age. However, our projections for younger
age groups are considerably lower. These findings may have important implications for the design of CRC
screening programmes.

M
ost colorectal cancers (CRCs) develop from adenomas,
among which ‘‘advanced’’ adenomas are considered to
be the clinically relevant precursors of CRC. The natural

history of colorectal adenomas is a decisive factor for the design
of CRC screening measures and their cost effectiveness. Since
advanced adenomas need to be removed once they are detected,
any direct observation of their natural history would be
unethical. Thus, available estimates for the progression of
adenomas mostly stem from radiological surveillance data or
from autopsy series collected prior to the colonoscopy era.1–9

However, these data are rather vague as they were derived from
small and potentially selective samples. For example, a major
source for the estimation of adenoma transition rates has been
a retrospective review of Mayo Clinic records from 226 patients
with colonic polyps >10 mm in diameter in whom periodic
radiographical examination of the colon was performed, and in
whom 21 invasive carcinomas were identified during a mean
follow up of 9 years.9 Despite the undoubted usefulness of
available data sources from the pre-colonoscopy era, sample
size limitations did not allow reliable estimates of adenoma
transition rates according to key factors, such as age and sex.
Accordingly, a common estimate of these transition rates for all
ages and both sexes has generally been assumed in previous
studies on effectiveness and cost effectiveness of CRC screen-
ing.10–17 Given that sensitivity analyses in these studies showed
that the advanced adenoma–carcinoma transition rate repre-
sents a very influential parameter,10 11 13 18 its variation by age
and sex might have a large impact on relative effectiveness and
cost effectiveness of various screening schemes.

The aim of this paper was to estimate risk for developing CRC
according to age and sex among carriers of advanced adenomas
by combining data from a large national colonoscopy screening
database and national data on CRC incidence in Germany.

METHODS
Data sources
German national registry of screening colonoscopies
Prevalences of advanced adenomas (defined as presence of at
least one adenoma with at least one of the following features:
>1 cm in size, tubulovillous or villous adenoma, high grade
dysplasia; no further distinction according to number of
adenomas) by 5 year age groups and sex were obtained from
a nationwide registry of screening colonoscopies, which was
established after implementation of colonoscopic screening for
women and men aged >55 years in Germany in late 2002.19

Only experienced endoscopists (internists/gastroenterologists
or surgeons with pertinent certified specialisations, having
conducted at least 200 colonoscopies and at least 50 poly-
pectomies under supervision in the preceding two calendar
years) are admitted to conduct screening colonoscopies.
Requirements for maintenance of admission include conduc-
tion of at least 200 colonoscopies and at least 10 polypectomies
per year. Histopathological examination is performed decen-
trally by certified pathological labs.

Abbreviation: CRC, colorectal cancer
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In the nationwide screening colonoscopy registry, basic
sociodemographic variables and results of screening colono-
scopy are collected anonymously for all screening colonoscopies
conducted in Germany using a standardised reporting form to
be completed by the gastroenterologists. In case of multiple
adenomas, only the largest is recorded (categories used for
classification of size of adenomas: .1 cm, (1 cm; categories
used for histopathological classification of adenomas: tubular,
tubulovillous, villous, high grade dysplasia).

The forms are scanned, processed and checked for complete-
ness and plausibility using standardised algorithms at regional
data centres before transmission to the national data centre for
analysis. For this analysis, 840 149 records from screening
colonoscopies conducted by more than 2000 endoscopists in
2003 and 2004 were available.

Population-based cancer registry data
National estimates of colorectal cancer incidence by age and sex
are provided by the Robert Koch Institute, a Federal Institute
for Disease Surveillance in Germany.20 These estimates are
derived from the best available incidence data from multiple
state cancer registries and nationwide available CRC mortality
data. Coding of cancers in the cancer registries follows
international standards for epidemiological cancer registries.21

For this analysis, we used CRC incidence data for the year 2002,
the year immediately preceding introduction of screening
colonoscopy, as the latter may affect observed CRC incidence
by prevention of CRC or by detection of asymptomatic CRC.

Statistical analysis
For each 5 year age group i (i = 55–59, 60–64, 65–69, 70–74, 75–
79, 80+ years) and each sex j (j = females, males), annual
transition rates from advanced adenomas to CRC, denoted Aij,
were estimated from CRC incidence Iij and advanced adenoma
prevalence Pij as follows:

Aij = (Iij 6Q)/Pij.
The factor Q reflects the proportion of CRCs assumed to

develop through adenomas. This proportion has been assumed
to equal values between 0.7 and 1.0 by various authors
(regardless of age and sex).10–13 15–18 Similar to the recent study
by Ladabaum and Song,17 we set Q to 0.85 in our main analysis
and we varied it between 0.7 and 1.0 in additional sensitivity
analyses.

Rates of CRC reported by population-based cancer registries
are in reality clinical detection rates rather than true incidence
rates. It has been estimated that onset of preclinical CRC on

average precedes clinical detection by 3.6 years.13 We therefore
recalculated age specific rates of CRC onset by ‘‘shifting’’ age
specific observed incidence rates to younger ages. In the main
analysis, a shift by 3.6 years was made. In sensitivity analyses,
this shift was varied between 2 and 5 years, according to the
range of duration from preclinical CRC onset to CRC diagnosis
estimated by other authors.12 15 22

Finally, cumulative risk of developing CRC within 10 years
(conditional on not dying from other causes) among carriers of
advanced adenomas at the beginning of each age group i—that
is, at ages 55, 60, 65, 70, 75 and 80 years—was calculated as
1-exp(25(Aij + A(i+1)j)).23

RESULTS
In total, records from the national screening colonoscopy
database of 840 149 women and men who underwent a
screening colonoscopy in Germany in 2003 or 2004 were
included in the estimates of advanced adenoma prevalences
(table 1). Prevalences of advanced adenomas were higher in
men than in women, and they increased with age in both sexes
(from age 55–59 years to >80 years they increased from 3.4% to
7.3% among women, and from 6.2% to 9.5% among men,
table 1). All age and sex specific prevalence estimates were
based on at least 600 cases and most prevalence estimates were
based on more than 2000 cases.

The age gradient was considerably stronger for observed CRC
‘‘incidence’’. For women, a more than fivefold increase between
ages 55–59 and 80+ years was observed. For men, higher
incidence rates at all ages and a more than fourfold increase
from the youngest to the oldest age group was observed. Within
each age group, estimated CRC onset was somewhat higher
than observed incidence, given that a substantial proportion of
cases diagnosed in each age group were assumed to have had
their onset in the preceding younger age group and given the
strong increase of incidence with age. The age gradient of
estimated rates of CRC onset was somewhat lower than the age
gradient of observed incidence rates, but it was still consider-
ably stronger than the age gradient of advanced adenoma
prevalence (table 1).

Combining the advanced adenoma prevalences and the
estimated CRC onset rates as outlined in the Methods section,
and assuming that 85% of CRCs arise from advanced
adenomas, yielded estimates of annual transition rates from
2.6% in the youngest age group to 5.6% in age group 80+ among
women, and from 2.6% in the youngest age group to 5.1% in the
oldest age group among men (table 1 and fig 1, left graph).

Table 1 Advanced adenoma prevalence, colorectal cancer incidence and estimated annual
progression of advanced adenomas according to sex and age

Sex Age(y)

National colonoscopy registry
National estimates of
colorectal cancer occurrence

Annual
transition in
%`Number screened

Advanced adenomas
n (%)

Observed
‘‘incidence’’ *

Estimated
onset�

Women 55–59 112 399 3866 (3.4) 82.1 104.3 2.6
60–64 160 880 6773 (4.2) 113.0 161.3 3.3
65–69 125 133 6005 (4.8) 180.1 238.4 4.2
70–74 55 582 3219 (5.8) 261.0 326.2 4.8
75–79 27 414 1785 (6.5) 351.5 440.4 5.8

80+ 9492 691 (7.3) 479.0 481.2 5.6
Men 55–59 66 330 4130 (6.2) 132.4 188.7 2.6

60–64 110 597 8312 (7.5) 210.5 284.8 3.2
65–69 97 411 8217 (8.4) 313.6 405.7 4.1
70–74 47 018 4336 (9.2) 441.5 452.6 4.2
75–79 21 220 2051 (9.7) 456.9 512.9 4.5

80+ 6673 632 (9.5) 551.4 564.7 5.1

*Patients diagnosed with colorectal cancer within age group per 100 000 per year; �patients estimated to have onset of
CRC within age group per 100 000 per year; `onset of colorectal cancers per 100 advanced adenomas.
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Estimates of 10 year cumulative risk increased from 25.4% at
age 55 years to 42.9% at age 80 years in women, and from 25.2%
at age 55 to 39.7% at age 80 years among men (table 2 and fig 1,
right graph). These estimates varied by ¡3.8–3.9 percentage
points at age 55 years and by ¡5.1–5.9 percentage points at age
80 years when the proportion of CRCs arising from adenomas
was varied between 70% and 100% in sensitivity analyses.
Variation of the time from CRC onset to CRC diagnosis between
2 and 5 years led to relatively minor variation in the estimated
10 year cumulative risk (table 2).

DISCUSSION
In this paper, we combined data from a unique nationwide
colonoscopy registry and from population-based cancer regis-
tries from Germany to project age and sex specific risk of CRC
development among carriers of advanced colorectal adenomas.
Any direct estimation of this parameter from cohorts of
adenoma carriers would be unethical, as advanced adenomas
have to be removed once they are detected, and pertinent data
from the pre-colonoscopy era are very sparse. Our analysis
shows that the risk of advanced adenoma–CRC transition is
comparable among women and men, but strongly increases
with age.

Our projections of advanced adenoma progression to CRC in
the older age groups are in line with previous estimates based
on much smaller samples, which have been used for all age
groups in previous analyses of cost effectiveness of CRC
screening. For example, the cost effectiveness analyses of
colorectal cancer screening by Frazier et al11 and O’Leary et al16

assumed a base-case value of 5% for the annual transition rate
from high-risk polyps to localised cancer regardless of age,
citing the 1987 report of Stryker et al from the Mayo clinic case
series as pertinent reference.9 The same estimate was used,
again for all age groups and both sexes, in the recent cost-
effectiveness analysis by Ladabaum and Song.17 Furthermore,
polyp dwell time, which is closely related to the adenoma–CRC
transition rate, has been found to be an important influential
parameter in pertinent sensitivity analyses in a number of cost
effectiveness studies.10 13 16 18 Therefore, the finding of a strongly

age-dependent transition rate may be of high relevance for the
optimal design of CRC screening programmes.

In our analysis, we implicitly made the assumption that all
CRCs arising from adenomas were arising from advanced
adenomas—that is, advanced adenomas represent a necessary
interim stage in the adenoma–CRC sequence. A similar
assumption (eg large adenomas or high risk polyps being
necessary intermediate stages in the development of CRC from
small adenomas or from low risk polyps, respectively) has been
implicitly or explicitly made by other authors, and it appears
plausible on biological grounds.11 16 17

In the interpretation of our results, specific strengths and
limitations of this study require careful consideration.
Strengths include the large population-based data sources,
especially a unique nationwide registry with more than 840 000
records from screening colonoscopies. The latter allowed
estimating age and sex-specific prevalences of advanced
adenomas in an unselected screening population with very
small random error. Unfortunately, no data for age group 50–54
years could be provided, as colonoscopy screening in Germany
is offered from 55 years on only. Given the lack of information
on adenoma location in the national colonoscopy database, it
was not possible to further assess potential differences in
transition rates of proximal and distal advanced adenomas. The
latter might be of interest when (cost-) effectiveness of
screening colonoscopy and screening sigmoidoscopy are com-
pared. Furthermore, although high levels of qualification and
experience are a prerequisite for conducting screening colo-
noscopies and for certification of pathology labs in Germany,
and all screening colonoscopies have to be documented on a
standardised form, the degree of standardisation of information
given on colonoscopy reports is likely to be less perfect in such a
nationwide database than it could be achieved in a trial
conducted by a few specialised centres with centralised review
of all adenomas. However, our results might be more relevant
for judging the risk that advanced adenomas detected in
routine practice will progress to cancer. Furthermore, poten-
tially less than perfect classification of adenomas provided on
colonoscopy reports would be expected to apply to all ages. The
resulting potential misclassification would therefore be

Figure 1 Projected annual progression (left
graph) and 10 year progression (right
graph) of advanced adenomas to colorectal
cancer according to sex and age in
Germany. Women = left columns, men =
right columns.
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expected to be ‘‘non-differential’’ with respect to age, which,
according to epidemiological theory, implies that differences in
age-specific transition rates would tend to be underestimated
rather than overestimated.24 Potentially less than perfect
classification of histopathological findings would thus not
explain the major differences in estimates of CRC transition
rates between age groups.

A possible concern could be that adenoma prevalences
among screening participants might not be representative for
adenoma prevalences among the general population. On the
one hand, prevalences could be somewhat lower among
screening participants, assuming that they are more health
conscious than non-participants. However, in contrast to other
cancers, no major variation of CRC risk by factors related to
health consciousness, such as indicators of education or
socioeconomic status, has been found. However, adenoma
prevalences among screening participants might even be
somewhat higher than in the general population, assuming
that people at higher risk of CRC, such as people with a family
history of CRC, might be more likely to undergo screening.
Overall, the estimates of advanced adenoma prevalences from
the German national screening registry were in line with25–27 or
somewhat lower than28 previous, less detailed, estimates from
much smaller colonoscopy studies conducted in the USA.
Although selection patterns could have led to some under-
estimation or overestimation of advanced adenoma prevalences
overall, it is unlikely that they could account for the strong age
gradient in advanced adenoma progression estimates found in
our study.

National estimates of CRC incidence in Germany referred to
the year 2002—the year immediately preceding introduction of
screening colonoscopy to avoid ‘‘contamination’’ by detection
of asymptomatic CRC by screening colonoscopy. As described in
the Methods section, CRC onset rates were derived from CRC
incidence rates in our calculations. Therefore, major changes in
CRC incidence in the years preceding 2003 and 2004 could, in
theory, have influenced our results. However, incidence rates of
colorectal cancer have been very stable in Germany since the
middle of the 1990s,20 and it appears particularly unlikely that
the strong age gradient, which is a universal finding in CRC
incidence,29 should have markedly changed in recent years.

Like other studies, we had to rely on external sources for
estimates of the proportion of CRC arising from adenomas, but
uncertainty with respect to this parameter was taken care of in
sensitivity analyses. The same applies to estimates of the
duration from CRC onset to CRC detection. The main finding of
our study, the strong age dependency of adenoma–CRC
transition rates, was not affected by variation of overall levels
of these parameters. However, we cannot rule out that potential
variation of these parameters between age groups might affect
the projections of age-specific CRC transition rates to some
extent.

Despite its limitations, our analysis provides information on
age and sex-specific advanced adenoma transition rates, which
could be helpful in the design of endoscopy based screening
programmes and their optimisation regarding effectiveness and
cost effectiveness. Our finding that advanced adenoma transi-
tion rates are strongly age-dependent could have important
clinical implications, possibly including a higher age at first
screening or differential endoscopy intervals according to age.
However, additional risk factors, such as family history of CRC,
also have to be taken into account. To further differentiate
estimates of the natural history of colorectal adenomas—for
example, by various types and by location—large studies with
more detailed information about colonoscopic findings are
needed.
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Robin Spiller, editor
History of bilious vomiting: a tale with a twist

Clinical presentation
A 16-year old girl was admitted with a 9-month history of
bilious vomiting, colicky central abdominal pain and 3 stone
weight loss. There was no previous medical history or
psychiatric problems. Blood investigations were normal.

On examination she looked well. Her abdomen was soft and
non-tender. There was a sucussion splash. Abdominal radio-
graph and gastroscopy were normal. A barium meal follow-
through examination was arranged (fig 1).

Question
What is the cause of this young girl’s vomiting?

See page 1598 for answer
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Figure 1 Barium meal.
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Colorectal Cancer Screening Compliance
by Medicine Residents: Perceived and Actual
David L. Zack, D.O., John K. DiBaise, M.D., Eamonn M. M. Quigley, M.D., F.A.C.G., and
Hemant K. Roy, M.D.
University of Nebraska Medical Center, Omaha, Nebraska; and National University of Ireland, Cork, Ireland

OBJECTIVE: Implementation of colorectal cancer (CRC)
screening with widely available techniques can result in a
significant reduction in CRC-related mortality. Clinical
practice paradigms are often ingrained in physicians during
residency. We, therefore, investigated both compliance and
perceived obstacles to CRC screening in the practices of
physicians-in-training.

METHODS: We conducted a retrospective analysis of medi-
cal records of patients who were receiving their primary care
in the internal medicine resident clinics at the University of
Nebraska Medical Center and were at average risk for CRC.
In addition to demographics, data on the use of screening
mammography, Pap smear, cholesterol, fecal occult blood
testing (FOBT), and flexible sigmoidoscopy (FS) were col-
lected. A questionnaire was also distributed to all internal
medicine residents to assess their CRC screening knowledge
and perceived screening compliance.

RESULTS: One hundred eight patient charts were reviewed.
The percentage of patients appropriately screened for each
test was as follows: mammography 66%, Pap smear 65%,
cholesterol 53%, FOBT 13%, and FS 16%. Residents dra-
matically overestimated their perceived FS and FOBT
screening rates, 78% and 88%, respectively. Most residents
identified barriers to FS screening. Although rudimentary
CRC screening knowledge appeared adequate, a number of
knowledge-based deficiencies were identified.

CONCLUSIONS: Internal medicine residents at our institution
demonstrate poor CRC screening compliance especially
when compared with other health care maintenance inter-
ventions. This cannot be entirely accounted for by inade-
quate knowledge; discrepancy between the perceived and
actual implementation of CRC screening may be important.
Efforts to improve screening compliance should include a
focus on physicians-in-training. (Am J Gastroenterol 2001;
96:3004–3008. © 2001 by Am. Coll. of Gastroenterology)

INTRODUCTION

Colorectal cancer (CRC) is the second leading cause of
cancer mortality in the United States. Approximately
135,400 new cases of CRC and 56,700 CRC-related deaths
are forecast in 2001 (1). When diagnosed at an early stage,

colon cancer is almost invariably curable. Unfortunately,
CRC is often asymptomatic until it has reached an advanced
stage. Screening strategies have been designed to enable
early diagnosis of colon cancer and prevention of this ma-
lignancy through removal of its precursor lesion, the adeno-
matous polyp (2). Flexible sigmoidoscopy (FS), fecal occult
blood tests (FOBT), air-contrast barium enema, and
colonoscopy have been recommended as acceptable screen-
ing techniques in a recent consensus statement; of these,
only FS and FOBT are widely available, relatively inexpen-
sive, and have been unequivocally demonstrated to reduce
mortality (3).

Despite these screening strategies and the increased at-
tention that preventive care has received in the public and
medical communities, most colon cancers still present at
relatively advanced stages. As clinical practice paradigms
are often ingrained in physicians’ during their training, we
wished to assess whether screening strategies were being
properly employed in the ambulatory care practice of our
internal medicine residents. Assessment was made of the
rate of compliance with CRC screening in comparison with
other well-established preventive healthcare techniques. Fi-
nally, because little data exist on factors related to CRC
screening (4), we wanted to identify potential obstacles to
the implementation of CRC screening programs in this
setting.

MATERIALS AND METHODS

Ambulatory Care Resident Education
The University of Nebraska Medical Center Internal Med-
icine residency program is a traditional, accredited 3-yr
program consisting of both hospital and ambulatory-based
training. The ambulatory care portion consists of two half-
day clinics weekly throughout all 3 yr of training. Thirty-six
medicine residents provide longitudinal care each year in
these clinics. Formal lectures addressing preventive care
cancer screening are interspersed throughout the academic
year. Specifically, two lectures focus on colon cancer with
an emphasis on screening in the average-risk patient. Fur-
thermore, all residents rotate, at least once, on the gastro-
enterology inpatient consult service where didactic and
practical instruction is given on FOBT and FS. Residents

THE AMERICAN JOURNAL OF GASTROENTEROLOGY Vol. 96, No. 10, 2001
© 2001 by Am. Coll. of Gastroenterology ISSN 0002-9270/01/$20.00
Published by Elsevier Science Inc. PII S0002-9270(01)03240-3
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perform screening video FS in a dedicated procedure room
located in the outpatient clinic facility. All procedures are
performed under the supervision of general internal medi-
cine attending physicians.

Study Population
A retrospective chart review of patients who received their
care in the internal medicine resident clinics at the Univer-
sity of Nebraska Medical Center over a consecutive 4-wk
period was performed. Patients considered appropriate can-
didates for CRC screening included those aged �50 yr at
average risk for developing CRC and who had been fol-
lowed by an internal medicine resident over a period of at
least 6 months duration during which they had a minimum
of two clinic visits. Exclusion criteria included patients who
were at increased risk to develop CRC (family or personal
history of adenomatous polyps, CRC, or polyposis syn-
dromes), ongoing GI complaints necessitating colonic eval-
uation, severe comorbid illness for which screening was
believed to be inappropriate, a previous lower GI evaluation
by colonoscopy or barium enema in the preceding 3 yr,
medical care provided directly by an attending physician,
and patients who were only evaluated on a single occasion
for a specific problem. The study was approved by the
Institutional Review Board of the University of Nebraska
Medical Center.

Data Collection
Two hundred consecutive medical records of patients seen
in internal medicine residents clinics were screened by two
investigators (D.L.Z. and J.K.D.), using a standardized
form. Those charts that met the eligibility criteria were
reviewed in further detail. Data recorded included patient
demographics and details regarding performance of FOBT,
FS, and other well-accepted preventive health care tech-
niques (mammography, breast exam, pelvic exam, Pap
smear, cholesterol testing, and rectal exam). An acceptable
screening interval for each test was defined as follows:
mammography, breast exam, cholesterol, and FOBT per-
formed on a yearly basis; pelvic exam and pap smear per-
formed every 3 yr; and sigmoidoscopy performed every 5

yr. Screening methods were considered offered and/or com-
pleted if there was documentation in the medical record.

Questionnaire
After pilot testing, a questionnaire, comprised of 25 ques-
tions, was distributed to all internal medicine residents. The
survey was designed to assess: 1) habits regarding preven-
tive care screening; 2) CRC screening knowledge; 3) per-
ceived CRC screening compliance; 4) specific barriers to
performing FS including difficulty scheduling/staffing pro-
cedures, technical problems with the equipment, residents
uncomfortable performing the procedure and residents’ per-
ception of patients’ reluctance to undergo the procedure,
and/or the bowel preparation required before the procedure;
and 5) personal attitudes toward performing FS.

Statistical Analysis
Data were analyzed using the SAS statistical program (SAS
Institute, Cary, NC). The Fisher’s exact test and �2 test were
used to compare the proportion of patients receiving colon
cancer screening with screening for other diseases. Stu-
dent’s t test was used to compare age between screening
groups. Analysis of variance was used to compare age for
the FOBT. Statistical significance was defined as p � 0.05.
Analysis of the questionnaire was determined by calcula-
tions of the percentage of correct answer.

RESULTS

One hundred eight patients were considered appropriate for
detailed chart review. The study population consisted of 36
men with a mean age of 60.3 yr (range � 51–77 yr) and 72
women with a mean age of 62.2 yr (range � 50–80 yr).
Sixty-seven (62%) of the patients were white, and 41 (38%)
were black. The residents performed FOBT in 13% of the
patients and FS in only 16%. Table 1 depicts patient char-
acteristics in terms of gender and race. No differences in
CRC screening were present between men and women.
Although whites were offered FS more often than blacks, no
differences were identified in the actual performance rate. In
contrast to CRC screening, the same residents appropriately
performed mammography in 66%, cholesterol testing in

Table 1. CRC Screening According to Gender and Race

Total Offered Performed Refused

FS (%) FOBT (%) FS (%) FOBT (%) FS (%) FOBT (%)

Total (n � 108) 21 (19) 28 (26) 17 (16) 14 (13) 4 (4) 14 (13)

Gender
Male (n � 36) 10 (28) 10 (28) 8 (22) 5 (14) 2 (6) 5 (14)
Female (n � 72) 11 (15) 18 (25) 9 (13) 9 (13) 2 (3) 9 (13)

Race
White (n � 67) 18 (27) 20 (30) 13 (19) 10 (15) 5 (7) 10 (15)
Black (n � 41) 3 (7)* 8 (20) 3 (7) 4 (10) 0 (0) 4 (10)

* p � 0.01.
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53%, and Pap smear in 65% of patients. Table 2 demon-
strates the residents perceived rate of offering various pre-
ventive care services compared with the actual rates of those
services being performed.

Nineteen of 36 (53%) questionnaires were returned after
a single mailing with the following breakdown by postgrad-
uate year (PGY): four PGY-1, nine PGY-2, and six PGY-3.
According to the report, residents believed they offered
screening FS and FOBT to their patients most of the time;
however, only 26% of the residents believed their patients
were actually completing FS greater than half of the time.
When asked to identify barriers to CRC screening using FS,
16 (84%) of the residents responding to the survey listed
difficulty scheduling the procedure as the dominant barrier
despite having a dedicated FS room and equipment avail-
able (Fig. 1).

All of the responding residents correctly identified both
the age at which CRC screening should begin in an
average-risk patient and the recommended interval be-
tween successive FOBT and FS screening after a negative
initial exam. In contrast, only 50% correctly identified the
appropriate means of follow-up for a positive FOBT, and
60% were unaware that the number of positive guaiac
cards is irrelevant when deciding on the appropriate next
step in management.

DISCUSSION

We demonstrate that the rate of CRC screening with FOBT
and FS by our internal medicine residents was remarkably
poor. Indeed, our data indicate that most of the patients in
our analysis received inadequate CRC screening. This is
particularly alarming as these simple and inexpensive tests
have been unequivocally demonstrated to reduce mortality.
For instance, Mandel et al. demonstrated a 33% decrease in
mortality with yearly FOBT, whereas Selby et al. showed a
60% reduction in deaths from cancers in the surveyed bowel
with sigmoidoscopy (2, 5). Moreover, a more recent report
by Mandel et al. suggests that FOBT can actually decrease
the incidence of cancers, presumably through detection and
removal of premalignant lesions (6). Unfortunately, the dis-
mal screening rate found in this study is consistent with the
national average. During 1973–1997, Ries et al. reported
that only 30.6% of adults aged �50 yr had undergone a
sigmoidoscopy/proctoscopy in the preceding 5 yr (7). Fur-
thermore, the FOBT rate found by Ries et al. (7) was 15%
in 1987 and, despite vigorous patient education campaigns,
only improved to 18% by 1998.

Data similar to ours have been reported in other internal
medicine residency programs. Borum recently showed that
only 29% and 13% of traditional 3-yr internal medicine
residents at her program appropriately used screening FOBT
and FS, respectively (8). In contrast, residents in a primary
care track program performed CRC screening at a consid-
erably higher rate with FS and FOBT performance rates of
71% and 81%, respectively. This indicates that we may be
able to achieve substantially higher screening by modifying
physician training. Although issues of patient reluctance to
undergo procedures performed by physicians-in-training
have been offered to explain poorer screening rates, recent
data suggest that patient satisfaction is comparable when FS
is perfomed by residents or staff physicians (9).

Table 2. Perceived and Actual Screening Rates by Medicine
Residents

Perceived Offered
(%)

Actually Performed
(%) p

Mammography 100 66 ns
Cholesterol 100 53 ns
Pap smear 100 65 ns
FOBT 88 13 �0.05
Sigmoidoscopy 78 16 �0.05

Figure 1. Resident perception of barriers to performing screening FS.
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Our data suggest a difference in the rate of CRC screening
offered to blacks compared with whites. Racial bias in
screening may, possibly, be at least one of the reasons that
blacks have more advanced CRC at diagnosis than whites
and, hence, a poorer prognosis (10). Although it is difficult
to assess the significance of this finding, given our relatively
small patient population, similar results have been described
with regards to cardiovascular screening in blacks (11).
Indeed, given the higher incidence of colon cancer among
blacks, it has been demonstrated that CRC screening is most
cost-effective in the black population (12). Further studies
are needed to clarify this issue.

The low level of FS and FOBT implementation in this
study is in dramatic contrast to the adequate use of other
health care maintenance strategies, such as mammography,
cholesterol testing, and Pap smears. The clinical/public
health consequences of the discrepancy between colon can-
cer screening and other screening practices is underscored
by recent data, which suggest that CRC screening is slightly
more cost-effective than a variety of other health care in-
terventions including pneumococcal vaccinations and treat-
ment of hypertension, whereas it is markedly more cost-
effective than breast cancer screening (13). Indeed, a recent
analysis indicates that the costs incurred by FS will be offset
by the savings from early diagnosis and prevention of CRC
(14).

The reason for the discordance between CRC screening
and other health care maintenance practices reported in this
study remains unclear. Previous reports on cancer screening
practices among resident physicians have suggested that
both physician and patient factors may be important. Myers
et al. recently reported that there was substantial variability
in physician intention to recommend colon cancer screening
based on the physicians’ perception of CRC screening ef-
fectiveness, board certification, and length of time in prac-
tice (15). Although our residents appeared to have a solid
grasp of screening indications and strategies, fewer than half
were able to appropriately manage a positive FOBT. This is
consistent with results from a recent survey of primary care
physicians in which only one-half of practitioners answered
questions correctly regarding the evaluation of a heme-
positive stool (16). Moreover, a survey of CRC screening
knowledge in 168 internal medicine residents at four insti-
tutions demonstrated remarkably similar results, with only
29% recommending colonoscopy to evaluate a positive
FOBT (17). Findings from our study suggest that at least
part of the problem with poor screening rates appears to be
a misperception by the residents of their colon cancer
screening implementation. This may reflect both patient and
physician reluctance to aggressively deal with colon cancer
because of social norms reflecting distaste for CRC.

There are several caveats to the interpretation of these
data. First, chart reviews have intrinsic weaknesses includ-
ing their retrospective nature and their reliance upon infor-
mation being appropriately documented. Nevertheless,
Montano and Phillips recently demonstrated that, in cancer

screening, the correlation between chart audits and patient
surveys was very high (18). This methodology is also sup-
ported by a report from Luck et al. in which an assessment
of quality of care was determined through chart review of
encounters with standardized patients (19). They demon-
strated that scores from chart review underestimated actual
quality of care by only 14%, thus suggesting that the mag-
nitude of the differences found in our study would not be
adequately explained solely by these methodological differ-
ences alone (19). Secondly, the size of our patient popula-
tion was modest and, despite a concerted effort, the internal
medicine resident survey response rate was only 53%. This
poor rate is, however, comparable with that seen in most
physician surveys. Finally, our exclusion of patients having
undergone full colonic evaluation within the last 3 yr only is
more conservative than the screening guidelines currently
recommended (i.e., barium enema every 5 yr or colonos-
copy every 10 yr); however, none of our 108 patients had
previously undergone either study.

Despite these limitations, our data suggest that physicians
have an important role in the underuse of colon cancer
screening. With regard to physicians, it is particularly dis-
turbing that residents, despite lectures on CRC and preven-
tive medicine, had a screening rate comparable with the
national average. It can be speculated that if these clinical
habits are not ingrained during a residency program, they
are even less likely to be nurtured in a busy primary care
practice. Potential ways to improve physician implementa-
tion might include enhancing education on colon cancer and
its prevention as well as offering structured FS instruction.
Improved teaching aides, such as a virtual reality FS simu-
lator, may also be helpful (20). The importance of having
confidence in the performance of the procedure is under-
scored by the finding of Lewis et al., who determined that
the main reason that half of primary care physicians, who
were trained in FS, did not perform this examination was
self-perceived technical inadequacy (21). Finally, targeting
differences in the perceived versus actual frequency of CRC
implementation is also possible. Data from our institution
suggest that an automated computer-based reminder system
improves CRC cancer screening and other facets of health
care maintenance (22).

In summary, in this audit of internal medicine resident
practices, we have demonstrated that implementation of
CRC screening guidelines was poor, especially when com-
pared with other health care maintenance techniques. Fac-
tors that may account for this poor compliance include
deficiencies in certain elements of CRC screening knowl-
edge and differences between actual and perceived rates of
CRC screening. Our study suggests that, in addition to
increasing public awareness, an aggressive focus on physi-
cians-in-training is important. This should include both di-
dactic practical instruction and also feedback on CRC
screening implementation. Further studies are necessary to
determine how to optimize CRC screening compliance.
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