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Abstract The Internet is increasingly a source of information
for pancreatic cancer patients. This disease is usually diag-
nosed at an advanced stage; therefore, timely access to high-
quality information is critical. Our purpose is to systematically
evaluate the information available to pancreatic cancer pa-
tients on the internet. An internet search using the term
“pancreatic cancer” was performed, with the meta-search en-
gines “Dogpile”, “Yippy” and “Google”. The top 100
websites returned by the search engines were evaluated using
a validated structured rating tool. Inter-rater reliability was
evaluated using kappa statistics and results were analyzed
using descriptive statistics. Amongst the 100 websites
evaluated, etiology/risk factors and symptoms were the most
accurately covered (70 and 67% of websites). Prevention,
treatment and prognosis were the least accurate sections
(55, 55 and 43% of websites). Prevention and prognosis were
also the least likely to be covered with 63 and 51 websites
covering these, respectively. Only 40% of websites identified
an author. Twenty-two percent of websites were at a university
reading level. The majority of online information is accurate
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but incomplete. Websites may lack information on prognosis.
Many websites are outdated and lacked author information,
and readability levels are inappropriate. This knowledge can
inform the dialogue between healthcare providers and
patients.
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Introduction

The Internet is increasingly a source of health information.
Recent estimates suggest that nearly 90% of US adults access
the Internet and 72% of Internet users have searched online for
health information within the past year [1, 2]. The tendency
for patients to search the Internet for specific disease informa-
tion is increasing, and the majority of online health informa-
tion seekers start their search with a search engine rather than a
site that specializes in health information [3]. Perhaps not
surprisingly, cancer is one of the most commonly searched
topics and the Internet is one of the most frequently used
sources of cancer information [4—6].

Cancer patients access the Internet for a variety of reasons,
including to improve their understanding of their diagnosis, to
find information about treatments, to learn about living with
cancer, and to gain support from others [7]. Gastrointestinal
cancer, including pancreatic cancer, is the most commonly
searched cancer type on the Internet, comprising 15% of all
cancer-related searches [3]. Pancreatic cancer is relatively rare
compared with other cancer types, but it has the lowest 5-year
survival of all malignancies at 8% [8]. Given the poor prog-
nosis for the disease and the frequency with which these pa-
tients use the Internet for health information, access to high-
quality information in a timely manner is critical.
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Previous studies have focused on the quality of Internet
information for other cancers and gastrointestinal dis-
eases, including colorectal and gastric cancers. Authors
of these studies have found variable website quality and
accuracy, overrepresentation of commercial websites, and
readability scores above the level of the average patient
[9-11].

Similar research focusing on pancreatic cancer is limited.
Authors of a small study in the UK found that Internet
resources for pancreatic and esophageal cancers were of
higher quality than for other gastrointestinal cancers, but that
overall quality ratings were still low [12]. Storino et al.
published the most comprehensive study to date assessing
the quality of online pancreatic cancer information [13].
They examined two parameters of patient-oriented online re-
sources for pancreatic cancer: readability and accuracy of
treatment specific information. They found that the grade level
required for readability of pancreatic cancer treatment
information is higher than recommended and that accuracy
of information is associated with a more difficult reading
level. They also found websites discussing treatment informa-
tion to be overall accurate, except for those discussing
alternative therapies.

In summary, patients with pancreatic cancer are increasing-
ly turning to the Internet to improve their understanding of
their disease. While some small studies have examined the
quality of currently available websites, there is no research
evaluating the quality of online pancreatic cancer information
for topic areas other than treatment, such as symptoms, pre-
vention and prognosis. Additionally, there are no previous
studies systematically analyzing the completeness, interactiv-
ity, accountability and website organization of online pancre-
atic cancer information. The purpose of this study was to
apply a rating tool to systematically evaluate the quality of
100 websites designed to provide pancreatic cancer patient
information. The tool was used to evaluate sites with respect
to currency, disclosure, attribution, interactivity, completeness
and accuracy of content.

Methods

An Internet search using the term “pancreatic cancer” was
performed on June 18, 2015, with the meta-search engines
“Dogpile”, “Yippy” and the search engine “Google”. The
URLs of the first 500 websites for each search engine were
recorded. Inclusion and exclusion criteria were applied to the
lists to select for websites that were specifically designed for
providing patient information and to exclude blogs, primary
news or journal articles. Websites had to be available without
subscription and sites that provided links to other websites
without original content were excluded. Once the lists for each
search engine had the inclusion/exclusion criteria applied, the
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three lists were combined to provide an average rank order
from all three search engines. A list of “the top 100 websites”
from all search engines was then compiled.

A structured rating tool, validated and developed by our
research group, was applied to evaluate the top 100 websites
with respect to attribution/currency, interactivity, readability,
content and accuracy [14]. The structured rating tool was de-
veloped in 2009 and was adapted based on the Health on the
Internet (HON) Foundation code, JAMA, and a detailed re-
view of available resources intended to evaluate the quality of
medical information on the Internet [14—16]. The various
components of this validated tool have been reported else-
where. Accountability criteria were derived from the HON
code principles [17] and the DISCERN scale [18], an instru-
ment developed at Oxford University to assist people without
content expertise to assess the quality of a written health in-
formation publications. Interactivity and aesthetic criteria
were based on adaptation of the Abbot’s scale [19, 20].
Readability and content quality assessment criteria were
established based on the use of several evidence-based re-
sources [20-23]. Readability was assessed using the Flesch-
Kincaid (FK) grade level and the SMOG Index. To assess
readability, text from the sections on definition, diagnosis
and treatments were directly inputted to the readability assess-
ment tool on Read-able.com. Content was evaluated based on
the materials deemed by content experts to be informative for
a patient’s understanding of pancreatic cancer. To develop a
metric to compare for both content and accuracy, the research
assistant reviewed pancreatic cancer materials from the
National Comprehensive Cancer Network (NCCN) and
UpToDate and summarized the information. Two oncologists
then reviewed the summary and through iterative discussions
developed a consensus document reflecting the essential com-
ponents required for content and the level of detail required for
accuracy levels, ranging from incorrect and mostly correct to
completely correct.

The reliability of the website evaluation was determined
in two phases. First, the principal investigator and a re-
search assistant used the structured rating tool to indepen-
dently code a random 20% sample of websites. The sample
of websites was determined by assigning a number to each
website and using an online random number generator to
select the random set of sites. The kappa statistic was used
to measure inter-coder reliability [14]. For categories where
website rankings showed a kappa value of < 0.70, the two
raters met, discussed the rating differences and resolved the
discrepancy by consensus. Once consensus was reached,
each rater rated a new random sample of 10% of the
websites. Following the second phase, kappa values were
again defined and any discrepancies discussed. In this
study, there were no modifications to the rating tool at this
point and the research assistant analyzed the remaining
70% of the websites.
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Results

The Internet search yielded 9,810,000 hits on Google and
37,405 hits on Yippy. The search engine Dogpile did not dis-
close a total number of hits. Over 800 websites were recorded
from the three search engines and a list of the top 100 websites
covering pancreatic cancer was compiled using pre-
determined inclusion and exclusion criteria.

Website Affiliation

Of the top 100 websites, the most common affiliations were
non-profit organization (.org) and commercial (.com), which
accounted for 43% and 41% of the websites respectively. The
remaining website affiliations were academic/university
(.edu), other and American government (.gov) with 9, 5 and
2% of websites, respectively.

Accountability

Accountability was examined with respect to the disclosure of
authorship, citations, presence of external links and creation
modification dates.

Less than half (40) of the 100 websites identified an author,
and even fewer identified the author’s credentials (34) or au-
thor’s affiliation (32).

Resources and citations on the sites were evaluated.
Reliable sources were defined as journal articles, peer-
reviewed sites such as up-to-date, academic or government
sites, and textbooks. Fifty-eight of the websites cited at least
one reliable source, of which 19 used one reliable source and
39 used two or more reliable sources.

External links were evaluated to ensure current functional-
ity. Fourteen of the 100 websites provided one external link
(excluding advertising) and 56 of the websites provided two
or more external links. Fifty percent or greater of the links
provided were functional in 66 of the websites, whereas the
remaining 34 websites either provided no external links (31
sites) or had less than 50% of the links provided that were
functional (3 sites).

Eighty-seven of the websites indicated a date of creation.
Over half of the websites (61) were last updated over 4 years
ago or had no date of last modification identifiable. Seven
websites were last updated between 2 and 4 years from the
date of analysis, and 32 websites were last updated within
2 years from the date of analysis.

Interactivity

Interactivity was evaluated based on the presence or absence
of five features (search engine, audio/visual support, discus-
sion board/forum, queries to webmaster, educational support).
The most common interactive tool found was a search engine,

in 93 of the 100 websites analyzed. Twenty-seven websites
provided audio/video support and 16 allowed website users to
send queries to the webmaster. Thirteen websites contained a
discussion board or forum, and eight provided educational
support.

Site Organization

The websites were evaluated for five structural tools including
headings, subheadings, pictures/diagrams/tables, hyperlinks
and absence of advertising. Approximately, a third of websites
analyzed used each of five, four and three structural tools in its
design (33, 32 and 30, respectively). The remaining five
websites used two structural tools.

Readability

Ninety-nine of the 100 top websites were analyzed for read-
ability using the online readability test tool at www.read-able.
com. One website was not evaluated as the text could not be
directly inputted (i.e. cut and paste) into the readability test
tool. Flesch-Kincaid grade level and readability ease and
SMOG index were calculated. The majority (73%) of websites
were written at a high school reading level (Flesch-Kincaid
grades 8.00-12.99). Twenty-two percent of websites were
written at a university level (> 13.00), while only 5% were
written at an elementary level (< 7.99). The average grade
level was 11.7.

Coverage and Accuracy

Websites were assessed for their coverage of eight pancreatic
cancer topics: definition, incidence/prevalence, etiology/risk
factors, symptoms, prevention, detection/work-up, treatment
and prognosis (Fig. 1). The definition of pancreatic cancer was
most consistently covered, followed by treatment (97 and 93
of'the 100 websites evaluated). Prognosis and prevention were
least likely to be covered, with 63 and 51 websites addressing
these two topics, respectively.

The accuracy of each section, if present, was then assessed
as “completely accurate and has all required information”,
“mostly accurate and/or missing some required information”
or “not present or not accurate”. Accuracy and completeness
were assessed compared with information from Uptodate.com
and the National Cancer Institute.

The information presented on the majority of websites was
factually correct. Websites receiving a low score for accuracy/
completeness were more often missing important information
rather than containing incorrect information (Fig. 2). When
the information presented was incorrect, it was often due to
out-of-date statistics. Etiology/risk factors and symptoms
were most likely to be judged completely accurate and con-
taining all required information (70 and 67% of websites,
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respectively). Prevention, treatment and prognosis were the
least accurate sections, judged as completely accurate and
containing all required information in 55, 55 and 43% of
websites, respectively.

The top 100 websites were evaluated for global accuracy.
As indicated above, website content was more often incom-
plete than factually inaccurate; thus, global accuracy scores
were better than the accuracy/completeness scores described
above. Eighty-three were judged completely accurate, 17
mostly accurate and 0 mostly not accurate. In terms of objec-
tivity, 87 of the 100 websites expressed no bias.

Overall Quality

Total scores were calculated for each website taking into ac-
count authorship, attribution, disclosure, currency, links and
their accessibility, interactivity, site organization, readability,
coverage, accuracy and objectivity. The maximum possible
score was 55. Scores ranged from 51 (www.
cancerresearchuk.org) to 12 (www.whipple-procedure.org).
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The average score was 34.2. Table 1 lists the top 10
websites by score.

Discussion

The Internet is an important information source for cancer
patients, yet research evaluating the quality of online pancre-
atic cancer information is limited. This comprehensive study
used a validated tool to assess 100 websites for currency,
disclosure, attribution, interactivity, content and readability.
Since the majority of patients use a search engine to access
health information, rather than direct links from reputable
sources, patients require a way to evaluate the quality of the
websites retrieved by a search engine [1]. Disclosing author-
ship and credentials, keeping sites up to date and providing
references help patients to make these judgments. These
criteria are standard requirements for scientific literature.
Less than half of websites evaluated disclosed authorship
and even fewer provided the author’s credentials or affiliation.

Not covered
®Mostly not accurate
" Mostly accurate

¥ Completely accurate
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Table 1 Top 10 pancreatic

cancer websites based on overall Website URL Quality score

quality score (maximum 55)
http://www.cancerresearchuk.org/health-professional/cancer-statistics/statistics-by- 51

cancer-type/pancreatic-cancer

http://www.cancer.org/cancer/pancreaticcancer/ 50
http://www.cancer.net/cancer-types/pancreatic-cancer 49
https://www.lustgarten.org/ 49
http://www.oncolink.org/types/article.cfm?c=172&id=1739 49
http://www.pancreaticcancer.org.uk/about-us/about-the-charity/about-us-and-our-aims/ 48
http://www.cancercouncil.com.au/pancreatic-cancer/what-is-pancreatic-cancer/ 48
http://www.cancer.gov/types/pancreatic 47
http://www.cancer.ca/en/cancer-information/cancer-type/pancreatic/pancreatic-cancer 47
http://www.medicinenet.com/pancreatic_cancer/article.htm 47

Only one third of websites had been updated in the past
2 years. Additionally, nearly half of websites cited no reliable
sources. These findings that currency, authorship and refer-
ences are lacking in online pancreatic cancer information par-
allel studies evaluating websites for gastrointestinal diseases,
prostate cancer and colorectal cancer [9, 11, 24]. These short-
comings could make it challenging even for the most knowl-
edgeable patient to get information about their condition on-
line. Educating patients on how to evaluate website quality
and credibility, and directing patients to trusted websites, are
important solutions.

This study showed that the majority of information provid-
ed on the websites with respect to pancreatic cancer was fac-
tually correct, although it was common for sites to lack key
information. When information was incorrect, it was often
because of outdated incidence or prevalence statistics.
Studies evaluating the quality of online gastric and prostate
cancer information also found websites to be incomplete but
generally accurate [10, 24]. As indicated in a study by Black
et al., accurate but incomplete information can be misleading
for Internet consumers [24]. A significant number of the
websites in our study were from US cancer treatment centers
targeted towards attracting patients to their facility. These
websites lacked links to external information and their treat-
ment sections focused on what was offered at that center.
Again, while the information provided was mostly correct, it
was incomplete and may prevent patients from becoming fully
educated in a non-biased manner. Physicians and cancer treat-
ment centers can provide patients with links to accurate and
complete websites to guide their research.

Reading ability is an important component of health litera-
cy. Patient health information should not exceed a 7th grade
reading level for consumers to optimally understand the writ-
ten material [25]. Online information across a range of health
topics, including other gastrointestinal cancers, is written well
above the optimal grade level for the average health consumer
[2, 25]. This study demonstrated that the readability of online

pancreatic cancer information is similarly too high, with only
5% of websites scoring at the appropriate elementary reading
level. Using the Flesch-Kincaid grade level readability score,
22% of websites required a university level education to un-
derstand. Storino et al. also found inappropriately high read-
ability levels for online pancreatic cancer treatment informa-
tion, yet found improved accuracy to be associated with a
difficult reading level [13]. This finding illustrates that a cer-
tain level of technical language may be needed to accurately
explain complex diseases. Websites can address this problem
by providing glossaries to define terms that may be unfamiliar
to patients. Additionally, knowing that the readability levels of
most patient websites are too high, providers can ask their
patients what kind of information they are finding on the in-
ternet, whether it complements or contradicts what they have
told them, and help to correct or better explain the informa-
tion. Storino et al. also recommend the use of visual aids to
help the reader understand information when the readability is
high [13]. We found some use of such tools to organize
website information and improve interactivity, although there
remains room for improvement.

Patients who search online for health information may be
starting to recognize the shortfalls of the Internet, as described
above. Although use of the Internet as a health resource is
increasing, the public’s trust in online health information has
decreased over time [2]. Meanwhile, trust in physicians as a
source of health information has increased [2]. These trends
may indicate a role for healthcare providers in guiding patients
towards high-quality pancreatic cancer resources. Knowing
what gaps exist in patient information online, such as progno-
sis information for pancreatic cancer, can aid in development
of better resources and help healthcare providers to address
gaps in patient knowledge.

There are several limitations to this study. As indicated by
Storino et al., evaluating the completeness of online resources
can be misleading as some websites are only designed to cover
certain topics [13]. Only English language websites were
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included in this study, eliminating resources for patients who
seek their information in other languages. For the readability
evaluation, representative sections of the websites were eval-
uated as distinguished from the complete content. It is possible
that using the readability tool on all written information on the
website may have altered the readability scores; however, it
would have been time consuming and unrealistic to have done
this for 100 websites. Additionally, all searches were conduct-
ed from the same geographic location. It is acknowledged that
for some search engines, geographic location can impact the
“hits” received. We feel that by utilizing two meta-search
engines and one search engine and combining all hits in a
systematic manner, we likely minimized the chance that the
retrieved websites would be significantly different. Having
said that, an area of future interest may be to look at the impact
of geographic location on websites retrieved by a search en-
gine for pancreatic and other cancers.

In conclusion, this study systematically applied a validated
rating tool to comprehensively evaluate the quality of online
pancreatic cancer patient information. This is the largest and
most comprehensive review of the literature to date. This
study shows that the quality of online pancreatic cancer infor-
mation is variable. Many websites are outdated and lack au-
thor information. While the majority of information presented
is factually correct, sites may lack information on prevention
and prognosis. The majority of websites are also written at a
level too high for the average patient to understand. There is
significant room for improvement in the use of structural and
organizational tools, including glossaries and visual aids, to
offset high readability levels. Healthcare providers can initiate
discussions with their patients about the quality of online can-
cer information and recommend trusted websites to their
patients.
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