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We thank Eklund and colleagues for their interest and
thoughtful comments on our study1 and its potential impact
on prostate cancer patients. We wholeheartedly agree with
Eklund et al. that careful validation of artificial intelligence (AI)
algorithms—whether our’s or other’s—will be required to assess
their true clinical value.
For the benefit of the broader readership, we would like to

clarify that Gleason scoring is used at two distinct stages in
prostate cancer diagnosis: first during the biopsy stage (where
small samples of prostate tissue are extracted), and second, for
a subset of patients during radical prostatectomy (RP, surgical
removal of the entire prostate). During biopsy, the Gleason
score has a critical role in guiding treatment decisions,
including whether to undergo the RP procedure, whereas
during the RP stage, the Gleason score is used for prognostica-
tion and to determine the need for further adjuvant therapy
post surgery.
Our study focused on the Gleason scoring of RP specimens for

several reasons outlined in the manuscript, including the larger
size of the available tissue leading to bigger development and
validation data sets, more context for pathologists and specialists
to determine the reference standard grade, and a link with
outcomes that is less confounded by diverging treatment
pathways than for needle core biopsies. As Eklund and colleagues
alluded to, we have not validated our algorithm on biopsies
(which has a bigger role in therapy decisions including the
decision to undergo RP) in this study and have instead described
the application to biopsies as future work.
A second point raised by Eklund and colleagues is the

potential confounding of the outcomes analysis owing to the
pathologist’s grades being used to determine therapy. To be
clear, both the general and genitourinary (GU)-specialist
pathologists graded these specimens solely as part of this study
and these grades did not affect the original care pathway for any
of the patients whose specimens were included in this study.
Furthermore, our study’s primary analyses (Figs 2–4) focused on
comparing the Gleason scoring by pathologists to the deep-
learning system using a reference standard derived from GU-
specialist pathologists to enable a direct head-to-head compar-
ison of grading accuracy.
Figure 5 indeed attempts to assess the correlation of the deep

learning system’s Gleason scoring with clinical outcomes. We
acknowledge that retrospective outcomes analyses such as
these may be confounded by uncontrolled treatment variables
including the use of post-surgical adjuvant therapy, and that
these analyses would have been improved by controlling for
such effects; unfortunately, further treatment information was
not available for the specimens used in this analysis. Both

because of the potential treatment confounding and the limited
sample size, we emphasized the trend towards better prog-
nostication in that analysis rather than more conclusive
statements. We stand by our original conclusion that the paper
demonstrates “improved Gleason scoring” on the basis of the
comprehensive, unconfounded analysis presented in Figs 2–4 of
the manuscript.
To conclude, we agree with Eklund and colleague’s broader

comments about the importance of careful validation of AI
algorithms. Although we believe the results in this study point
to the great potential for AI-based tools to improve the
accuracy and reliability of Gleason grading and subsequent
treatment decisions for men with prostate cancer, this is but the
first step on the road toward clinical adoption. That road must
include randomized, prospective studies to avoid the potential
for confounding that exists in any retrospective outcomes
analysis.

Received: 13 July 2019; Accepted: 19 August 2019;

REFERENCE
1. Nagpal, K. et al. Development and validation of a deep learning algorithm for

improving Gleason scoring of prostate cancer. npj Digit. Med. 2, 48 (2019).

AUTHOR CONTRIBUTIONS
K.N., Y.L., P.-H.C.C., M.C.S. and C.H.M. wrote this manuscript with the feedback of all
other co-authors of the original study.

COMPETING INTERESTS
K.N., Y.L., P.-H.C.C. and C.H.M. are current employees of Google LLC and own Alphabet
stock. M.C.S. is a former employee of Google LLC and owns Alphabet stock, and is a
current employee of Tempus Labs Inc.

ADDITIONAL INFORMATION
Correspondence and requests for materials should be addressed to C.H.M.

Reprints and permission information is available at http://www.nature.com/
reprints

Publisher’s note Springer Nature remains neutral with regard to jurisdictional claims
in published maps and institutional affiliations.

1Google Health, Palo Alto, CA, USA; 2Present address: Tempus Labs Inc, Chicago, IL, USA. *email: cmermel@google.com

www.nature.com/npjdigitalmed

Scripps Research Translational Institute

1
2
3
4
5
6
7
8
9
0
()
:,;

http://orcid.org/0000-0003-4079-8275
http://orcid.org/0000-0003-4079-8275
http://orcid.org/0000-0003-4079-8275
http://orcid.org/0000-0003-4079-8275
http://orcid.org/0000-0003-4079-8275
http://orcid.org/0000-0002-0083-4991
http://orcid.org/0000-0002-0083-4991
http://orcid.org/0000-0002-0083-4991
http://orcid.org/0000-0002-0083-4991
http://orcid.org/0000-0002-0083-4991
http://orcid.org/0000-0003-1402-6749
http://orcid.org/0000-0003-1402-6749
http://orcid.org/0000-0003-1402-6749
http://orcid.org/0000-0003-1402-6749
http://orcid.org/0000-0003-1402-6749
http://orcid.org/0000-0002-0816-3395
http://orcid.org/0000-0002-0816-3395
http://orcid.org/0000-0002-0816-3395
http://orcid.org/0000-0002-0816-3395
http://orcid.org/0000-0002-0816-3395
https://doi.org/10.1038/s41746-019-0175-0
http://www.nature.com/reprints
http://www.nature.com/reprints
mailto:cmermel@google.com
www.nature.com/npjdigitalmed


Open Access This article is licensed under a Creative Commons
Attribution 4.0 International License, which permits use, sharing,
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appropriate credit to the original author(s) and the source, provide a link to the Creative
Commons license, and indicate if changes were made. The images or other third party
material in this article are included in the article’s Creative Commons license, unless
indicated otherwise in a credit line to the material. If material is not included in the

article’s Creative Commons license and your intended use is not permitted by statutory
regulation or exceeds the permitted use, you will need to obtain permission directly
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