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Abstract

Background: A newprostate cancer grading systemwas proposed in 2013 and endorsed
by major journals and societies in 2014, in part because of anecdotal evidence that
Gleason scores (GSs) were incorrectly combined in the literature.
Objective: To examine how published studies categorized GSs in current practice.
Design, setting, and participants: A PubMed searchwas conducted on articles published
in 2016–2017 using the search terms “Gleason” and “prostate”. This literature review
included 1576 articles after exclusions.
Results: (1) Separating GS 7: pathology journals were more likely than non-pathology
journals to grade GS 7 separately (56.9% vs 40.0%, p < 0.05). Articles co-authored by a
pathologist separated GS 7 more than those without a pathologist (53.2% vs 32.9%,
p < 0.001). North American and European studies separated GS 7 more than Asian
studies (47.6% and 44.1% vs 24.1%, p < 0.001). Clinical articles separated GS 7 more than
research articles (43.7% vs 32.9%, p < 0.001). (2) Separating GS 8 from GS 9–10:
pathology journals separated GS 8 from GS 9–10 more than non-pathology journals
(55.2% vs 34.4%, p = 0.001). Articles co-authored by a pathologist separated GS 8 fromGS
9–10 more often than those without a pathologist (44.9% vs 29.5%, p < 0.001). (3) Using
grade groups as “ideal” with all other groupings “non-ideal”: pathology journals used
ideal more than non-pathology journals (32.2% vs 15.9%, p < 0.001). Ideal grouping is
more likely in articles co-authored by a pathologist than in those without a pathologist
(20.6% vs 11.0%, p < 0.001). North American and European studies used ideal grouping
more than Asian studies (17.6% and 14.0% vs 9.1%, p < 0.05). (4) Arranging groupings in
decreasing order from ideal to non-ideal: pathology journals were closer to ideal than
non-pathology journals (p = 0.002). Articles co-authored by a pathologist were classified
closer to ideal than those without a pathologist (p < 0.001). North American (p < 0.001)
and European (p = 0.02) studies were closer to ideal than Asian studies.
Conclusions: There is still wide variation in how GSs are grouped world-wide. Only a
minority of published articles group GSs accurately.
Patient summary: In this report, we looked at how GSs were grouped world-wide. We
found that only a minority of published articles on prostate cancer were grouping GSs
accurately, which could lead to inaccurate results and affect patient care with different
prostate cancer grades. Our study calls for more widespread adoption of the new prostate
cancer grading system composed of five grade groups to minimize incorrect grouping for
future studies.
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Table 1 – Data collected from articles by year

Number of articles, n (%)

2016 (N = 822) 2017 (N = 754)

Type of journal
Urology 393 (47.8) 325 (43.1)
Oncology 177 (21.5) 171 (22.6)
Pathology 29 (3.5) 38 (5.0)
Radiology 81 (9.9) 72 (9.6)
Radiation oncology 32 (3.9) 29 (3.9)
Other medical 42 (5.1) 50 (6.6)
Other surgical 5 (0.6) 8 (1.1)
Miscellaneous 63 (7.7) 61 (8.1)

Nationality
North American 292 (35.5) 250 (33.2)
South/Central American 13 (1.6) 9 (1.2)
European 248 (30.2) 212 (28.1)
Asian 151 (18.4) 175 (23.2)
African 4 (0.5) 1 (0.1)
Multinational 99 (12.0) 96 (12.7)
Australian 15 (1.8) 11 (1.46)

Article type
Clinical 576 (70.1) 579 (76.8)
Research 246 (29.9) 175 (23.2)

Pathologist co-author 2016 (N = 807) 2017 (N = 743)
No 477 (59.1) 477 (64.2)
Yes 330 (40.9) 266 (35.8)
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1. Introduction

A new classification system for prostate cancer was
proposed in 2013 based on data from the Johns Hopkins
Hospital [1] and validated in a multi-institutional study on
20 845 radical prostatectomy cases [2]. Compared with the
commonly used D’Amico/National Comprehensive Cancer
Network (NCCN) Risk Classification System which cate-
gorizes Gleason scores (GSs) into �6, 7 (not discriminating
between 3 + 4 and 4 + 3), and 8–10, the new grade groups
(GGs) are a more accurate predictor of progression [2]. The
new system is composed of five prognostic GGs and is based
on previously modified GSs [3]: GG 1 = GS � 6; GG 2 = GS 3
+ 4 = 7; GG 3 = GS 4 + 3 = 7; GG 4 = GS 4 + 4; and GG 5 = GS
9 and 10.

At the November 2014 meeting of the International
Society of Urologic Pathologists (ISUP), there was a broad
consensus (90%) to adopt this new system [4], which has also
been accepted by the College of American Pathologists (CAP)
and the World Health Organization (WHO) for the 2016 edi-
tion of Pathology and Genetics: Tumors of the Urinary System
and Male Genital Organs. More recent studies show that GGs
predict biochemical recurrence, clinical stage, metastases,
and cancer-specificmortality [5–9]. Although there has been
confusion in the terminology used for the new system,
including “Grading Groups,” “Grade Groups,” “ISUP Groups,”
“ISUP/WHO grade,” and “Epstein's Grade/Score,” the recom-
mended nomenclature by the CAP, WHO, and 2018 AJCC
Cancer Staging Manual is “Grade Groups (GGs).”

The purpose of this study is to examine how published
studies in the literature are currently categorizing Gleason
grades, after the 2014 ISUP recommendation to classify
prostate cancer according to five GGs. Is there still a problem
with how prostate cancer grading is classified, justifying the
need for more widespread adoption of the five-tiered GG
system? The secondary goal of this study is to evaluate
differences in reporting Gleason grades by journal type,
author nationality, pathologist co-author, and clinical or
research-oriented article.

2. Material and methods

A PubMed searchwas performed to include all studies involving prostate
cancer published from January 1, 2016, to December 31, 2017, using the
search terms “prostate” and “Gleason.”We excluded review articles, case
reports, meta-analyses, non-English articles, articles for which full text
was not available, and articles for which a breakdown of Gleason grade
was not given. We recorded the way Gleason groups were categorized
into journal type (urology, pathology, radiology, radiation oncology,
oncology), author nationality by continent, whether a pathologist was
included as co-author, and type of article (clinical vs research).

For part of the analysis, we analyzed cases where the complete
spectrum of GSs (from�6 to 10) was described in the study. Publications
that only considered a subset of GSswere excluded from this analysis.We
defined the five GGs as the “ideal” classification, while all other grouping
systems were considered “non-ideal.” We then separated the groupings
into five categories and arranged them from ideal to most non-ideal: (1)
�6, 3 + 4, 4 + 3, 8, 9–10 (ideal); (2)�6, 3 + 4, 4 + 3, 8–10; (3)�6, 7, 8, 9,10;
(4) �6, 7, 8–10; (5) �7, 8–10 or �6, 7–10. Cases that did not fit into the
above categories were not analyzed.
Statistical analysis was performed using Stata software and the chi-
square test. A p value <0.05 was considered statistically significant.

3. Results

The initial PubMed search produced 1183 articles published
in 2016 and 1084 articles published in 2017. After all the
aforementioned exclusions were made, a total of 822 arti-
cles from 2016 and 754 articles from 2017 were included in
the final analysis. The breakdown of data collected from all
the articles is presented in Table 1. The most common
groupings of Gleason grades are listed in Table 2.

3.1. GS 7

First, we examined how often GS 3 + 4 and GS 4 + 3 were
considered separately or combined as GS 7. This information
was available for 1516/1576 (96.2%) cases. In 2016, GS 3
+ 4 and GS 4 + 3 were reported separately in 300/788
(38.1%) cases compared with 318/728 (43.7%) cases in 2017,
p = 0.03 (Table 3).

Detailed analysis is presented in Table 4. By journal type,
radiology (82/150, 54.7%), pathology (37/65, 56.9%), and
urology (313/685, 45.7%) journals were significantly more
likely to consider these groups separately than oncology
journals (103/338, 30.5%, p< 0.001). Pathology journals (37/
65, 56.9%) were more likely to separate GS 3 + 4 from GS 4
+ 3 than non-pathology journals (581/1451, 40.0%, p = 0.007).
Radiology journals (82/150, 54.7%) also outperformed urology
(313/685, 45.7%, p = 0.05) and radiation oncology journals
(19/55, 34.5%, p = 0.01). When a pathologist was included as
co-author, GS 4 + 3 and GS 3 + 4 were considered separately
in 53.2% (306/575) of cases versus 32.9% (301/916) when
no pathologist was included (p< 0.001). North American
(243/511, 47.6%) and European studies (199/451, 44.1%)



Table 2 – Common Gleason score reporting formats

Gleason score reporting format Cases, n (%)

2016
(N = 822)

2017
(N = 754)

�6, 7, 8–10 219 (26.6) 161 (21.3)
�6, 3 + 4 = 7, 4 + 3 = 7, 8–10 108 (13.1) 79 (10.5)
�6, 7–10 101 (12.3) 85 (11.3)
�6, 3 + 4 = 7, 4 + 3 = 7, 8, 9–10 71 (8.6) 132 (17.5)
�7, 8–10 58 (7.1) 46 (6.1)
�6, 7, 8, 9, 10 44 (5.3%) 38 (5.4%)
�6, 3 + 4, 4 + 3, 4 + 4, 4 + 5, 5 + 4, 5 + 5 25 (3.0) 6 (0.8)
Other 196 (23.8) 207 (27.5)

Table 3 – Gleason score classification from all cases by year (chi-
square test)

Classification Cases, n (%) Cases, n (%) p value

GS 7 2016 (N = 788) 2017 (N = 728)
Separate 300 (38.1) 318 (43.7) 0.03
Combined 488 (61.9) 410 (56.3)

GS 8 vs GS 9–10 2016 (N = 601) 2017 (N = 684)
Separate 196 (32.6) 258 (37.7) 0.056
Combined 405 (67.4) 426 (62.3)

Complete spectrum 2016 (N = 713) 2017 (N = 680)
Ideal 71 (10.0) 132 (19.4) <0.001
Non-ideal 642 (90.0) 548 (80.6)

Order to ideal 2016 (N = 601) 2017 (N = 541)
<6, 3 + 4 = 7, 4 + 3 = 7,
8, 9–10

71 (11.8) 132 (34.4) <0.001

<6, 3 + 4 = 7, 4 + 3 = 7,
8–10

108 (18.0) 79 (14.6)

�6, 7, 8, 9, 10 44 (7.3) 38 (70)
<6, 7, 8–10 219 (36.4) 161 (29.8)
<7, 8–10 or <6, 7–10 159 (26.46) 131 (24.2)

GS = Gleason score.
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separated GS 3 + 4 and GS 4 + 3more often than Asian studies
(77/320, 24.1%, p< 0.001). Clinical articlesweremore likely to
separate the groups of GS 7 (483/1106, 43.7%) than research
articles (135/410, 32.9%, p< 0.001).
Table 4 – Reporting GS 7 as separate 3 + 4/4 + 3 (chi-square test)

n/N (%)

Journal type
Oncology 103/338 (30.5) Urolo

Patho
Radio
Rad-O

Radiology 82/150 (54.7) Urolo
Patho
Rad-O

Pathology 37/65 (56.9) Urolo
Rad-O
Non-

Urology 313/685 (45.7) Rad-O
Nationality
Asian 77/320 (24.1) North

Europ
North American 243/511 (47.6) Europ

Other
Pathologist 306/575 (53.2) No pa
Clinical 483/1106 (43.7) Resea

GS = Gleason score; Rad-Onc = radiation oncology.
3.2. GS 8

Next,weexaminedwhetherGS8wasreportedseparately from
or combined with GS 9 and 10. Of 1285 articles in which this
distinction could be made, 196/601 (32.6%) cases in 2016 and
258/684 (37.7%) cases in 2017 separated GS 8 from GS 9–10
(Table 3). Further analysis (Table 5) showed that pathology
journals (32/58, 55.2%) more often separated GS 8 from 9 and
10 than non-pathology journals (422/1227, 34.4%, p = 0.001).
Radiology journals (62/150,51.7%)alsooutperformedoncology
(82/291, 28.2%,p< 0.001), urology (197/574, 34.3%, p< 0.001),
and radiation oncology (16/48, 33.3%, p = 0.03) journals.
Articles with a pathologist co-author more often separated
GS 8 from GS 9 and 10 (216/481, 44.9%) than those without a
pathologist (230/780, 29.5%, p< 0.001). Nationality did not
show significant differences in this analysis. Clinical articles
(342/919, 37.2%) versus research articles (112/366, 30.1%) also
showed a significant difference (p = 0.02).

3.3. Ideal grouping

A complete spectrum of GSs was reported in 713 cases in
2016 and 680 cases in 2017 (Table 3). In 2016, 71/713 (10.0%)
used the Gleason GGs, while in 2017, 132/680 (19.4%) used
GGs (p < 0.001). A detailed analysis is presented in
Table 6. By journal type, pathology journals (19/59,
32.2%) were more likely to use GGs than non-pathology
journals (183/1150, 15.9%, p < 0.001). Additionally, radiolo-
gy journals (25/132, 18.9%) more often utilized GGs than
radiation oncology journals (3/50, 6.0%, p = 0.03). When a
pathologist was included in the study, ideal grouping was
used more often (107/519, 20.6%) than when no pathologist
was included (93/847, 11.0%, p < 0.001). North American
(80/454, 17.6%, p = 0.001) and European studies (58/413,
14.0%, p = 0.04) were more likely to use the ideal grouping
than Asian studies (28/308, 9.1%). Clinical articles (153/999,
15.3%) versus research articles (49/393, 12.5%) showed no
significant difference (p = 0.2).
n/N (%) p value

gy 313/685 (45.7) <0.001
logy 37/65 (56.9) <0.001
logy 82/150 (54.7) <0.001
nc 19/55 (34.5) 0.5
gy 313/685 (45.7) 0.05
logy 37/65 (56.9) 0.8
nc 19/55 (34.5) 0.01
gy 313/685 (45.7) 0.08
nc 19/55 (34.5) 0.01

pathology 581/1451 (40.0) 0.007
nc 19/55 (34.5) 0.11

American 243/511 (47.6) <0.001
ean 199/451 (44.1) <0.001
ean 199/451 (44.1) 0.3

thologist 301/916 (32.9) <0.001
rch 135/410 (32.9) <0.001



Table 6 – Reporting Gleason grades as ideal (chi-square test)

n/N (%) n/N (%) p value

Journal type
Oncology 29/314 (9.3) Urology 103/626 (16.5) 0.003

Pathology 19/59 (32.2) <0.001
Radiology 25/132 (18.9) 0.004
Rad-Onc 3/50 (6.0) 0.5

Radiology 25/132 (18.9) Urology 103/626 (16.5) 0.5
Pathology 19/59 (32.2) 0.04
Rad-Onc 3/50 (6.0) 0.03

Pathology 19/59 (32.2) Urology 103/626 (16.5) 0.003
Rad-Onc 3/50 (6.0) 0.001
Non-pathology 183/1150 (15.9) <0.001

Urology 103/626 (16.5) Rad-Onc 3/50 (6.0) 0.05
Nationality
Asian 28/308 (9.1) North American 80/454 (17.6) 0.001

European 58/413 (14.0) 0.04
North American 80/454 (17.6) European 58/413 (14.0) 0.1

Other
Pathologist 107/519 (20.6) No pathologist 93/847 (11.0) <0.001
Clinical 153/999 (15.3) Research 49/393 (12.5) 0.2

Rad-Onc = radiation oncology.

Table 5 – Reporting GS 8–10 as separate GS 8 versus GS 9–10 (chi-square test)

n/N (%) n/N (%) p value

Journal type
Oncology 82/291 (28.2) Urology 197/574 (34.3) 0.07

Pathology 32/58 (55.2) <0.001
Radiology 62/120 (51.7) <0.001
Rad-Onc 16/48 (33.3) 0.5

Radiology 62/120 (51.7) Urology 197/574 (34.3) <0.001
Pathology 32/58 (55.2) 0.7
Rad-Onc 16/48 (33.3) 0.03

Pathology 32/58 (55.2) Urology 197/574 (34.3) 0.002
Rad-Onc 16/48 (33.3) 0.02
Non-pathology 422/1227 (34.4) 0.001

Urology 197/574 (34.3) Rad-Onc 16/48 (33.3) 0.9
Nationality
Asian 86/290 (29.7) North American 160/421 (38.0) 0.02

European 132/374 (35.3) 0.1
North American 160/421 (38.0) European 132/374 (35.3) 0.4

Other
Pathologist 216/481 (44.9) No pathologist 230/780 (29.5) <0.001
Clinical 342/919 (37.2) Research 112/366 (30.1) 0.02

GS = Gleason score; Rad-Onc = radiation oncology.
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3.4. Range to ideal grouping

A total of 601 cases in 2016 and 541 cases in 2017 fit into one
of the five categories defined in themethods section as range
to ideal grouping (Table 3). The detailed analysis by journal
type, pathologist co-author, author nationality, and clinical
versus research article is shown in Table 7. Pathology
journals were closer to ideal than non-pathology journals
(p = 0.002). Urology (p = 0.003), pathology (p < 0.001), and
radiology journals (p = 0.001) were closer to ideal than
oncology journals. Radiology journals also outperformed
urology (p = 0.01) and radiation oncology journals (p = 0.02).
When a pathologist was included, cases were much more
likely to be classified closer to ideal thanwhen there was no
pathologist (p< 0.001). When comparing nationality, North
American (p < 0.001) and European studies (p< 0.001)were
more likely to classify cases closer to the ideal than Asian
studies. Clinical articles versus research articles showed no
significant difference (p = 0.3).

4. Discussion

Donald Gleason, MD, first proposed grading prostate cancer
based on its architectural pattern in 1966. Since then, there
have been many modifications to the original Gleason
system based on new pathologic and clinical developments
[3,4]. Since the 2005 modified Gleason grading system [3]
was set in place, many cases originally considered Gleason
pattern 3 in the original Gleason system are now considered
Gleason pattern 4, leading to contemporary GS 6 cancers



Table 7 – Range to ideal grading (chi-square test)

p value

Journal type
Oncology Urology 0.003

Pathology <0.001
Radiology 0.001
Rad-Onc 0.3

Radiology Urology 0.006
Pathology 0.2
Rad-Onc 0.015

Pathology Urology 0.03
Rad-Onc 0.003
Non-pathology 0.002

Urology Rad-Onc 0.02
Nationality
Asian North American <0.001

European <0.001
North American European 0.7

Other
Pathologist No pathologist <0.001
Clinical Research 0.3

Rad-Onc = radiation oncology.
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having a better prognosis than before [10]. Since GS 2–5 are
no longer assigned, the lowest possible GS is 6. However,
patients often believe that they have an intermediate-grade
cancer based on a scale of GS 2–10 [4]. GGs arose out of the
need for a more accurate and contemporary method of
reporting GS.

For decades of both research and patient care (therapy
and prognostication), various combinations of Gleason
grades have been used to categorize patients into different
groups based on risk. The most commonly accepted and
widely used system is the D’Amico (NCCN) classification,
which divides GSs into three tiers: �6, 7, and 8–10 [11]. In
our study, the D’Amico classification was used in 380/1393
(27.3%) of articles that included a full spectrum of GSs.
However, the biggest problem with the D’Amico classifica-
tion is oversimplification, combining GS 3 + 4 and 4 + 3 as
one group and considering GS 8 and GS 9–10 together.

There is ample evidence that GS 3 + 4 behaves better
than GS 4 + 3 [1,2,12–20]. In the early 2000s, publications
have shown that the prognosis of GS 3 + 4 is better than that
of GS 4 + 3 with a significant difference in recurrence-free
survival [14], pathological stage [20], and preoperative
prostate-specific antigen [20]. More recent studies report
that, compared with GS 3 + 4, GS 4 + 3 has an increased risk
of recurrence or progression [12,16], higher prostate
cancer–specific mortality [19], higher pathological stage
[12,17], and lower recurrence-free survival [1,13]. In our
study, only 618/1516 (40.8%) published articles considered
GS 3 + 4 and GS 4 + 3 separately. However, an improvement
was seen from 2016 (300/788, 38.1%) to 2017 (318/728,
43.7%, p = 0.03). The articles that tended to separate GS 3
+ 4 and GS 4 + 3 included pathology (37/65, 56.9%) and
radiology (82/150, 54.7%) journals, those including a
pathologist co-author (306/575, 53.2%), North American
(243/511, 47.6%) and European (199/451, 44.1%) studies, and
articles with a clinical focus (483/1106, 43.7%).

Similarly, there has been a growing literature supporting
the need to categorize GS 8 separately from GS 9–10, as the
latter includes Gleason pattern 5. Multiple studies have
shown a considerably worse prognosis for GS 9–10 than GS 8
[1,2,21–25]. Comparedwith GS 8, the risk of progression of GS
9–10 nearly doubles [1] and has increased risk for metastasis
[26], higher pathological stage [27], and lower cancer-specific
survival [27]. In our study, only 454/1285 cases (35.3%)
separated GS 8 from GS 9–10. A borderline significant
improvement was seen from 2016 (196/601, 32.6%) to 2017
(258/684, 37.7%, p = 0.056). Pathology (32/58, 55.2%) and
radiology journals (62/120, 51.7%), articles with a pathologist
co-author (216/481, 44.9%), North American studies (160/421,
38.0%), and articles with a clinical focus (342/919, 37.2%) were
more likely to separate GS 8 from GS 9–10.

Factoring in the above, GGs clearly offer a more accurate
stratification of prostate cancer than other categorizations.
However, in our study in 2016, only 71/713 (10%) of
published articles used GGs or GS equivalents when
describing the full spectrum of GSs. This nearly doubled
to 132/680 (19.4%) in 2017. Comparing journal types,
pathology journals (19/59, 32.2%) were significantly more
likely to use GGs than non-pathology journals (183/150,
15.9%). Articles with a pathologist co-author (107/519,
20.6%) weremore likely to use GG categorization than those
without (93/847,11.0%). North American (80/454,17.6%) and
European studies (58/413, 14.0%) were more likely to use
GGs than Asian studies (28/308, 9.1%).

When we compared GS classification types along a
spectrumof degree away from the ideal (ie, GGs), the results
were very similar to those of reporting GS 7. Pathology
journals were significantly closer to the ideal groupings
than all other journal types, except radiology. Radiology
journals were closer to the ideal groupings than oncology,
urology, and radiation oncology journals. Studies including
a pathologist and North American and European studies
used ideal or closer to ideal groupings.

5. Conclusion

Our study shows that there is still wide variation in how GSs
are groupedworld-wide. Based on articles published in 2016–
2017, the most common method in current use is still the
D’Amico risk stratification groups (�6, 7, 8–10) at 380/1393
(27.3%).Onlyaminorityof publishedarticles (203/1393,14.6%)
group GSs accurately. Studies including a pathologist co-
authorweremore likely to use GGs or their GS equivalents for
separating GSs, although numbers are still far from expected.
Studies based in North America and Europe, and those
published in radiology, pathology, and/or urology journals
were also more likely to adhere to GGs or their equivalents.

A limitation of this study is that the results may not
reflect the proportion of pathology practices using GGs in
their clinical/diagnostic reporting. Our data is from pub-
lications, whichmay be driven to use less specific groupings
such as the D’Amico classification to summarize data based
on small numbers of cases in certain cohorts (ie, GS 9–10). In
addition, sometimes depending on the purpose of the study,
it may be adequate to combine GGs. For example, a study
that examines drug response in patients with metastatic
prostate cancer may find combining GS 8–10 to be
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sufficient. In 2017,19.4% of articles used GGs, which is much
improved from 10% in 2016. However, it is unlikely that GGs
are being used in the vast majority of clinical settings, and
considerable room for improvement remains.

GGs or their GS equivalents have not been incorporated
into most of the literature. Some of the most cited clinical
trials published in high-impact journals have used inappro-
priate groupings. For example, the following three trials
were published in the New England Journal of Medicine. The
PLCO prostate cancer screening trial (2009) categorized GS
into 2–4, 5–6, 7, and 8–10. While meaningless to subdivide
GS 2–4 from GS 5–6, GS 3 + 4 and GS 4 + 3 were combined
together [28]. The Prostate Cancer Intervention versus
Observation trial (2012) classified GS into 2–6 and 7–10,
hence combining GS 3 + 4 = 7 with an 88% cure rate with GS
9–10 with a 25% cure rate [2,29]. The ProtectT study group
(2016) compared mortality for active monitoring, radical
prostatectomy, and external-beam radiotherapy. This study
classified GS into 6, 7, and 8–10, lumping together GS 3
+ 4 and GS 4 + 3, as well as GS 8 and GS 9–10, despite very
different prognoses between these GGs [30].

Current recommendations are to report GGs in conjunc-
tion with GS in a case, such as “GS 3 + 3 = 6 (GG 1)” [4]. Our
study demonstrated the need for more widespread
adoption of GGs in research and to minimize incorrect
grouping for future studies.
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