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Abstract. This paper presents the results of the BioCreafiZeoffline tasks
related to the evaluation of the performance a$ agehssess progress made by
strategies used for the automatic recognition aftinaes of chemical names and
gene in running text of medicinal chemistry pat@ndtracts.

A total of 21 teams submitted results for at least of these tasks. The CEMP
(chemical entity mention in patents) task entailed detection of chemical
named entity mentions. A total of 14 teams subuiits runs. The top
performing team reached an F-score of 0.90 witheaigion of 0.88 and a recall
of 0.93. The GPRO (gene and protein related objask)focused on the detection
of mentions of gene and protein related objectg Thparticipating teams (30
runs) had to detect gene/protein mentions thatdcbel linked to at least one
biological database, such as SwissProt or EntrezGEme best F-score, recall
and precision in this task were of 0.79, 0.83 ad Orespectively.
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The CEMP and GPRO gold standard corpora includeding sets of 21,000
records and test sets of 9,000 records. Similathéo previous BioCreative
CHEMDNER tasks, evaluation was based on micro-aeerag-score. The
BeCalm platform supported prediction submission and est@dn
(http://www.becalm.eu).
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1 I ntroduction

The BioCreative V.5 challenge encompassed two offline taghkish
followed the evaluation settings used for previous BioCreative
competitions, in addition to a novel online task, which was geared
towards the continuous evaluation of named entity annotation web
servers. BioCreative is a community challenge withaim of evaluating
biomedical text mining efforts [1].

This paper describes the results obtained by participa&tams for the
offline tasks, which addressed the automatic extractiahemical and
biological data from medicinal chemistry patents. Th&APEchemical
entity mention in patents) and GPRO (gene and protein related object)
tasks entailed the detection of chemical named entitytiores and
mentions of gene and protein related objects in patent titlesbsticcts,
respectively.

Some of the general difficulties for such automatime recognition
in the scientific literature have been already hgjtted in previous
BioCreative CHEMDNER tasks [2, 3]. Indeed, the settingb®hereby
described tasks were very similar to the counterparBoCreative V
[2]. Briefly, given a set of patent documents, participatingitehad to
correctly detect the start and end indices corresponding tchall t
chemical entities (CEMP) and the gene and proteiataéel objects
(GPRO). All entities were manually annotated by domain expesing
well-defined annotation guidelines [4]. In particular, the cad€&®RO
entities had to be annotated at a sufficient levgrahularity to be able
to determine whether the labelled mention could or could not be linked
to a specific gene or gene product (represented by an entbyaddgical
annotation database such as SwissProt [5] or EntrezGene [6]).

The BeCalm Web metaserver platform supported prediction
submission and evaluation. Participants could submit a total of inge ru
per task for final evaluation. The micro-averaged recalGigian and F-



score statistics were used for final prediction scoring, and F-s@se w

selected as main evaluation metric.

2  Task description

The used patent abstract records were released fortn of plain-text,
UTF8-encoded patent abstracts in a tab-separatedatowith the
following three columns: (1) patent identifier, (&)e of the patent, (3)
abstract of the patent. The annotated document sets usedirforgtra
were produced with the intent of supporting the improvement of the
automatic prediction tools enrolled in the challenge. Converselteshe
sets were used in the controlled comparison of grf@®pnance of the
participating systems.

Table 1: CEMP and GPRO corpora overview.

Training set Test set Entire corpus
Patent abstracts 21,000 9,000 30,000
CEMP mentions 99,632 44,486 144,118
GPRO mentions 17,751 8,998 26,749
GPRO type 1 mention 12,422 5,330 17,752
GPRO type 2 mention 5,329 3,668 8,997
Tokens 1,770,836 767,599 2,538,435
Furthermore, the annotation carried out for the GPRO task

encompassed two types of GPRO entity mentions: GERE mention
type 1, i.e. covering those GPRO mentions that can be normalized to a
bio-entity database record; GPR#tity mention type 2, i.e. covering
those GPRO mentions that in principle cannot be norexdlio a unique
bio-entity database record (e.g. protein families or domains).

The BeCalm Web metaserver platform enabled both the examination
of automatic predictions by participants and final submission
benchmarking (Figure 1).
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Figure 1: BeCalm support for chemical and gene entity recognition at BioCreative
V.5 offline tasks.

BeCalm provided micro- and macro-average standard performance
statistics, such as precision, recall and F-score [7, 8]. Furthermore, it
enabled the examination of annotation mismatches, i.e. false positive
annotations. In final evaluation, three main result types were examined:
false negative (FN) results corresponding to incorrect negative
predictions (i.e. cases that were part of the gold standard, but missed by
the automatic system), false positive (FP) results being cases of incorrect
positive predictions (i.e. wrong results predicted by the automatic system
that had no corresponding annotation in the gold standard) and true
positive (TP) results consisting of correct positive predictions (i.e.
correct predictions matching exactly with the gold standard annotations).

Correspondingly, recall (Eq. 1) is the percentage of correctly labelled
positive results over all positive cases, being a measure of the ability of
a system to identify positive cases.

= —2F _ (gq1
recall = trpyrny 4D

Precision (Eq. 2) represents the percentage of correctly labelled

positive results over all positive labelled results, i.e. it is a measure of the
reproducibility of a classifier of the positive results.
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precision = (Eq.2)

T
(TP + FP)

Lastly, F-score (or balanced F-measure) stands for theom&c mean
between precision and recall (Eq. 3).

(precision X recall)

)

F— =2 Eq.3
score : (precision + recall) (Eq

Partial hits, i.e. predictions that only in part overlapped with the
manually defined gold standard annotations, were not taken into account
in the analyses. Micro-average statistics wereutated globally by
counting the total true positives, false negatives and false positives
Conversely, macro-average statistics were calculayedounting the
true positives, false negatives and false positives on a per-dochases
and then, averaged across documents.

During the test phase, teams were requested to genetataatic
annotations (according to predefined evaluation format) for a blinded
collection of documents, and submit them after a short period of time.
Teams could submit for each of the tasks up to five predictions (runs)
The micro-averaged recall, precision and F-score statséies used for
final prediction scoring, and F-score was selected as mailuation
metric. Furthermore, the statistical significanéeach prediction with
respect to the other final submissions was examined by mdams o
Bootstrap resampling simulation, in a similar wayathat was done in
previous CHEMDNER challenges [2, 3]. This statistical ysial was
done for both the CEMP and GPRO tasks by taking 4,500 bootstrapped
samples from all the annotated documents in the test getal(af 9,000
documents in each set). The micro-average F-scores for @achon
each sample were calculated and these 2,500 resamgdults were
further used to calculate the standard deviation of the F-sef¢a@ach
team (SDs). Teams were grouped based on statistisglhjificant
difference (at two SD) between results.

The annotation guidelines (as well as the GPRO diiniels) were
published together with the manually annotated corpora in order for
teams to actually understand how the annotations were done and to make
it possible to examine how their systems could conghiEeannotation
rules.
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3 Results

A total of 21 teams submitted results for at least one of the filireeo
tasks. For both tasks, the training set consisted of 21,000 patent records
and the test set consisted of 9,000 patent records.

A total of 14 teams submitted 56 runs for the CEMP tasKlusiriated
in Table 2, the top performing team reached an F-score96fvith a
precision of 0.88 and a recall of 0.93. The top scoring run in terms of F-
score was generated by team 121 (from a total ah§)r The three top
performing teams, namely teams 121, 112 and 107, reachedcme--
of over 0.90. The highest precision was obtained by team 107 (0.90)
while the highest recall was obtained by team 116 (0.93).

Table 2. CEMP evaluation results (best runs per team only).

Row | Team | F-score | Precision | Recall SD Range | Group
A 121 90.42 | 88.32 92.62 | 0.25%| A-C 1
B 112 90.37 | 88.97 91.82 | 0.27%| A-C 1
C 107 90.32 | 90.02 90.62 | 0.27% | A-C 1
D 153 89.14 | 88.02 90.28 | 0.3% | D-E 2
E 116 88.47 | 84.39 92.97 | 0.23% | D-F 3
F 144 87.29 | 87.42 87.15 | 0.34% | E-G 4
G 102 86.59 | 89.01 84.29 | 0.33% | F-J 5
H 142 85.68 | 83.1 88.42 | 0.32%| G-J 6
| 117 85.44 | 88.42 82.64 | 0.32%| G-J 6
J 127 85.31 | 87.32 83.38 | 0.36% | G-J 6
K 135 83.95 | 85.68 82.28 | 0.37%| K 7
L 125 82.45 | 83.1 81.81 [ 0.3% | L 8
M 110 59.24 | 52.93 67.26 | 0.35% | M 9
N 170 49.25 | 47.18 51.52 | 0.19%| N 10

The 7 teams that participated in the GPRO task stdmirat total of 30
runs. Here, evaluation was two-fold: based only on annotationpefity
(i.e. those that can be normalized to a bio-entity datateased), and
considering both annotation types (i.e. normalized or not to a bio-entity
database record). For the GPRO type 1 evaluation, team 12henzesst
performing team (achieved an F-score of 0.79), team 133 gdietie
recall (0.83) and team 144 obtained the best precision (0.77) (Table 3).



Table 3. GPRO type 1 evaluation results (best runs per tay).

Row | Team | F-score | Precision | Recall | SD Range | Group
A 121 | 79.19 | 76.65 8191 | 0.1% | A 1
B 112 | 76.34 | 75.23 77.49 | 0.08%| B-C 2
C 153 | 76.13 | 72.06 80.68 | 0.1% | B-C 2
D 133 | 73.73 | 66.53 82.68 | 0.1% | D 3
E 142 73.18 74.79 71.63 | 0.15%| E-F 4
F 144 | 73.07 | 76.86 69.62 | 0.17%| E-F 4
G 102 | 71.3 71.52 71.09 | 0.14%| G 5

For GPRO type 1 and type 2 evaluation, team 133 achieved top
performing F-score (0.79) and recall (0.79) while team 153 obtained the
best precision (0.84) (Table 4).

Table4. GPRO type 1 and type 2 evaluation results (bes pan team only).

Row | Team | F-score | Precision | Recall | SD Range | Group
A 133 78.66 | 78.63 78.7 ]0.05%]| A 1
B 153 77.11 | 83.95 71.3 |0.06%| B 2
C 112 75.91 |8041 71.89 | 0.04%| C 3
D 144 74.92 | 79.78 70.63 | 0.09%| D 4
E 121 72.28 | 81.56 64.89 | 0.12%| E 5
F 142 64.96 | 74.99 573 |0.1% | F 6
G 102 62.24 | 77.75 51.89 | 0.1% | G 7

4 Discussion

A total of 14 teams have participated in BioCreaiwd. Compared to
the systems that participated in the previous BioCreatiwe
CHEMDNER task, the average results were better with 0.82 &
0.81 vs 0.77 and 0.83 vs 0.74, in terms of f-score, precision and recall,
respectively. This time, the best f-score was 0.90 (te@®ms), slightly
better than in BioCreative V CHEMDNER task (0.88). In viewtto#
results, this task has reached the maximum performance cuie c
expect taking into account the intrinsic difficulty of the tasid the
provided annotation quality.

Participation in the GPRO task has improved in BioCreatiVe.
Considering GPR@ntity mention type 1, i.e. GPRO mentions that can
be normalized to a bio-entity database, the results fdyabieteam were
slightly worse than in BioCreative V CHEMDNER task, tlee f-score
declined from 0.81 to 0.79, but the average team resultsheter with
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0.74 vs 0.65, 0.73 vs 0.66 and 0.76 vs 0.64, in terms of f-score, precision
and recall, respectively.

In the present GPRO taséntity mention type 2, i.e. non normalised
mentions, were also evaluated. Comparing results for GBRI®/
mention type 1 to results for GPR@ntity mentions type 1 and 2, it is
observable that systems have a better average recatitiftyr mention

type 1 (0.76 vs 0.66) while precision is better when considering both
types (0.73 vs 0.79).

Overall, the obtained results in CEMP and GPRO are considered
competitive enough to derive in tools that not only could assist manual
curation, but also could be used to automatic annotation extraction and
patent abstract chemical indexing.
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