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ARTICLE INFO ABSTRACT

Article history: Background: Citizen science, scientific research conducted by non-specialists, has the potential to facilitate
Received 27 March 2015 biomedical research using available large-scale data, however validating the results is challenging. The Cell Slider
Received in revised form 7 May 2015 is a citizen science project that intends to share images from tumors with the general public, enabling them to
Accepted 8 May 2015 score tumor markers independently through an internet-based interface.

Available online 9 May 2015 Methods: From October 2012 to June 2014, 98,293 Citizen Scientists accessed the Cell Slider web page and scored

180,172 sub-images derived from images of 12,326 tissue microarray cores labeled for estrogen receptor (ER).
Citizen science We evaluated the accuracy of Citizen Scientist's ER classification, and the association between ER status and
Crowd science prognosis by comparing their test performance against trained pathologists.

Crowdsourcing Findings: The area under ROC curve was 0.95 (95% CI 0.94 to 0.96) for cancer cell identification and 0.97 (95% CI
Breast cancer 0.96 to 0.97) for ER status. ER positive tumors scored by Citizen Scientists were associated with survival in a
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similar way to that scored by trained pathologists. Survival probability at 15 years were 0.78 (95% C10.76 to 0.80)
for ER-positive and 0.72 (95% CI 0.68 to 0.77) for ER-negative tumors based on Citizen Scientists classification.
Based on pathologist classification, survival probability was 0.79 (95% CI 0.77 to 0.81) for ER-positive and 0.71
(95% C1 0.67 to 0.74) for ER-negative tumors. The hazard ratio for death was 0.26 (95% CI 0.18 to 0.37) at
diagnosis and became greater than one after 6.5 years of follow-up for ER scored by Citizen Scientists, and 0.24
(95% C10.18 to 0.33) at diagnosis increasing thereafter to one after 6.7 (95% CI 4.1 to 10.9) years of follow-up

for ER scored by pathologists.

Interpretation: Crowdsourcing of the general public to classify cancer pathology data for research is viable,
engages the public and provides accurate ER data. Crowdsourced classification of research data may offer a
valid solution to problems of throughput requiring human input.

© 2015 The Authors. Published by Elsevier B.V. This is an open access article under the CC BY license

(http://creativecommons.org/licenses/by/4.0/).

1. Introduction

The assessment of tissue protein expression by immunohisto-
chemistry (IHC) is widely used in both the clinical and the research
settings. IHC combined with tissue microarray (TMA) technology
(Wan et al., 1987; Kononen et al., 1998) provides an efficient ap-
proach to the study of multiple molecular markers in hundreds or
thousands of tumors. TMAs are produced by removing cylindrical
cores of tissue from up to donor paraffin blocks and embedding
these into a single recipient paraffin block at set array coordinates.
Several hundreds of tumors may be embedded in a single TMA.
This has the potential to reduce inter-assay variability and to reduce
the cost of research (Camp et al., 2008). Consequently, the large
sample sizes required for robust inference in clinical epidemiology
are achievable. A typical study may include over 10,000 cases (Ali
et al., 2014). However, the process still relies on manual scoring of
labeled sections by trained researchers. This is time consuming and
scoring remains a rate-limiting step in this type of research. One
solution to this bottleneck is to scan the labeled sections and to use
automated analysis of the digitized images of each core. Several
image analysis algorithms have been shown to perform reasonably
well for some IHC markers (Giltnane and Rimm, 2004; Bolton et al.,
2010; Ali et al., 2013; Howat et al., 2015). While automated image
analysis remains promising, its implementation may be complex
and it has not yet replaced manual scoring in large scale molecular
epidemiology studies in cancer.

An alternative approach to automated image analysis is crowd-
sourcing in which a function - here scoring of IHC labeled sections of
tumor cores - is outsourced to an undefined and generally large group
of people in the form of an open call. The crucial prerequisites are the
use of the open call format and the large network of potential contribu-
tors (Howe, 2006). Crowdsourcing relies on parallel independent inputs
from individuals allowing for large group size, maximizing cognitive
diversity and enhancing group performance (Page, 2008).

The Citizen Science Alliance (http://www.citizensciencealliance.
org) is a collaboration of scientists, software developers and educa-
tors, who use the concept of crowdsourcing to develop, manage
and utilize internet-based citizen science projects in order to further
scientific research and to promote the public understanding of sci-
ence. Through citizen science projects, thousands of Citizen Scien-
tists have collected, organized and classified data for research
purposes. Some successful initiatives are: the investigation of galaxy
morphology (Lintott et al., 2008), the prediction of protein struc-
tures (Cooper et al., 2010) and the alignment of multiple sequences
in genomic studies (Kawrykow et al., 2012). The Cell Slider project
was established to enable the scoring of tumors labeled using IHC
by untrained members of the general public - Citizen Scientists —
through an internet-based interface. In this paper we report the
results of the first Cell Slider project in which Citizen Scientists
scored estrogen receptor (ER) expression in images of tumor cores
from a large number of breast cancers arrayed in TMAs.

2. Methods
2.1. Study Design, Setting, and Population

This study was performed using pathology data from the Breast
Cancer Association Consortium (BCAC), an international collabora-
tion that was established to provide large sample sizes for examining
risk factors, genetic associations and prognostic markers in breast
cancer (Breast Cancer Association Consortium, 2006). The BCAC re-
source comprised 12,326 scanned images from breast cancer TMA
cores stained for estrogen receptor (ER). A total of 3082 cores from
the SEARCH study (Lesueur et al., 2005) — that had been previously
been scored by the same pathologist under conventional microscopy
and without access to patient clinical records. The cores were from
the tumors of 6378 patients from 10 studies (Appendix 1). Informa-
tion on clinic-pathological characteristics of each patient was obtain-
ed from clinical records or centralized review of case notes. This
included ER status for which was either taken from independent
research-based pathology review or, where this had not been carried
out, from the clinical records. Relevant research ethics committees
approved all the studies and samples were anonymized before
being sent to two coordinating centers at Strangeways Research
Laboratory (University of Cambridge, UK) and the Breakthrough
Pathology Core Facility (Institute of Cancer Research, London, UK)
for analysis. Fig. 1 summarizes the study design.

TMA sections were immunostained in several centers and each
stained TMA slide was digitized using the Ariol platform (Genetix
Ltd, Hampshire, UK) and high-resolution images or each tumor
core were subsequently extracted for analysis. The ease of scoring
of TMA images before and after transforming the colors in a variety
of combinations was evaluated by beta-testing by experienced
Citizen Science Alliance volunteers. The preferred colors were then
used subsequently. The colors of the images were transformed
using the ImageMagick library. The colors of the image were first
negated (replacing each pixel by its complementary color) and
then the saturate was increased by 300% and the hue reduced by
82%. Finally the full image was divided into 16 sub-images which
were resized to 495 by 496 pixels each. The four corner sub-images
were removed as they often had no tumor material present and the
remaining 12 sub-images were uploaded to the Cell Slider project
web site.

2.2. Citizen Scientist Training and Scoring

Any member of the public (Citizen Scientists) can participate of
the project at http://www.cellslider.net/. Once in the website the
Citizen Scientist can register a user name and a password or proceed
without registration. At first entry the Citizen Scientist is provided
with a brief web based training tutorial in which the task and key
steps required to score each image are described. After completing
the training the Citizen Scientist is presented with an image to
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