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Abstract

Clinical NLP tools that automatically extract cancer concepts from unstructured Electronic Health Record
(EHR) text can benefit cancer treatment matching, clinical trials cohort identification, and reportable can-
cer abstraction. We used a combination of two BERT-based [1] language models, BETO [2] and MBERT

[1]; with regular expressions constructed from training data; and ICD-O dictionary based features to par-
ticipate in the tumor named-entity recognition subtask of the 2020 CANTEMIST (CANcer TExt Mining

Shared Task) [3]. Our goal is to explore the incorporation of dictionary-based features into these mod-
els to provide better integration between machine learning models and external knowledge resources.
Results on the test data set were highest with a regular expression based system (F-Score 0.73) and devel-
opment set results showed a 5 point drop in F-Score (0.76 to 0.71) when integrating dictionary features

into our BETO based system. We suggest that dictionary-based features will need careful integration to

improve the performance of masked language models.
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1. Introduction

The widespread adoption of Electronic Health Records (EHR) has resulted in an explosion in the
volume of clinical data captured electronically. Computerized methods such as data analytics
and clinical decision support (CDS) can be applied on clinical data to accelerate new scientific
discoveries and improve clinical care delivery. This is particularly important in the field of
oncology: cancer treatments are highly specific to cancer subtypes based upon clinical and
tumor attributes (e.g., Philadelphia chromosome-positive B-cell Acute Lymphoblastic Leukemia);
cancer clinical trials require identification of patients who meet high specific eligibility criteria
(e.g., cancer subtype, clinical features, biomarker status); and cancer reporting for public health
surveillance and quality assurance requires abstracting detailed cancer-related attributes from
the clinical record. Each of the above examples would highly benefit from automated extraction
of cancer concepts from the EHR[4]. However, much of the rich phenotype data required
for the above examples are found not in machine-readable structured text, but are found
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solely in unstructured texts (e.g., clinic notes, pathology reports, radiology reports)[5]. Natural
Language Processing (NLP) tools that can automatically and accurately extract cancer concepts
from unstructured clinical texts can increase the spectrum of data available for computational
methods, thereby benefiting cancer research and care delivery. In this report, we compare
multiple approaches to extracting cancer entities from CANTEMIST[3], a Spanish language
clinical text data set.

1.1. Background

The first task of structured data extraction is the identification of the specific span of text
(mention) containing the name of interest. This is referred to as Named-Entity Recognition
(NER), or clinical entity recognition in the context of clinical text. NER software that has
been developed specifically for clinical text includes cTAKES[6], CINER[7] and other machine
learning approaches utilizing support vector machines[8] and conditional random fields[9].
More recent methods have applied neural networks to clinical NER [10, 11, 12], including Deep
Learning (DL) methods[13]. In particular, the development of the transformer architecture[14]
and masked language models like BERT[1] and its siblings has yielded impressive results on non-
clinical benchmarks like SuperGLUE[15]. Subsequently, a variety of English clinical language
embeddings[16, 17, 18] have been developed, as well as non-clinical multilingual models such
as MBERT(1] and language-specific models such as BETO[2].

Relatively little attention has been given to integrating dictionary features for large clini-
cal vocabularies into these types of architectures for clinical NER. One recent exception[19]
incorporated dictionaries into a Bi-LSTM-CRF DL model by integrating feature vectors with
character embeddings, obtaining good results for Chinese clinical NER. Incorporation of dic-
tionaries into DL models could allow for both the higher performance of DL models, while
yielding the user control and understanding provided by dictionaries. For example, dictionary
integration could allow for easier incorporation of vocabulary updates, such as changes to
the International Classification of Diseases for Oncology (ICD-O) codes, or changes to cancer
reporting requirements for tools like the Cancer Registry Control Panel (CRCP)[20].

For this paper, we explore the integration of transformer-based language models (such as
BETO and MBERT) with external knowledge resources, as well as their applicability to clinical
entity normalization for cancer concepts.

2. Methodology

We developed a total of 8 different systems for this task, including BETO-FLAIR, REGEX, BETO-
FLAIR-REGEX, MBERT-REGEX, MBERT-PYTORCH, MBERT-DICT, BETO-PYTORCH and BETO-
DICT. Only 3 systems, BETO-FLAIR, MBERT-PYTORCH and REGEX, were finished in time to be
official entries for the CANTEMIST shared task, but results are shown for all systems. All systems
with masked language models were constructed utilizing Huggingface’s implementations of
transformer-based language models[21], specifically BETO[2] and MBERT([1], the multi-lingual
extension of BERT. Specific details of the language models are in their own sections below.
We used three distinct methods for predicting annotations: fine-tuned masked language
models (BETO-FLAIR, BETO-PYTORCH and MBERT-PYTORCH), regular expressions alone
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Table 1
Cantemist Data Set

Data Set Reports Sentences Tokens

train-set 501 18540 456447
dev-set1 250 9092 226371
dev-set2 250 8332 183356
test-set 300 10727 248770

Table 2
Number of Reports, Sentences, and Tokens in each annotated data set.

or in conjunction with masked language models (REGEX, BETO-FLAIR-REGEX and MBERT-
REGEX), and dictionary features in conjunction with masked language models (MBERT-DICT
and BETO-DICT). BETO is a BERT language model pretrained on a large Spanish corpus and out-
performs MBERT on several Spanish tasks, including natural language inference, paraphrasing,
NER, and document classification[2]. Multilingual BERT or MBERT is a cross-lingual extension
of BERT, trained to perform on 104 languages (https://github.com/google-research/bert/blob/
master/multilingual. md#list-of-languages). Similar to the BERT-base and BETO models, MBERT
has 110 million parameters. MBERT was pretrained using text data from Wikipedia in each of
the top 104 largest languages by number of articles, and features a wordpiece vocabulary of
119,000 words, shared for all languages. Regular expressions were included to create a baseline
for comparison.

2.1. Data

The Cantemist NER subtask is an information extraction task to identify tumor morphology
mentions in a Spanish language corpus of synthetic oncological clinical case reports. The corpus
was annotated with a single class, "MORFOLOGIA_NEOPLASIA," in the BRAT[22] standoff
format. The corpus was split into 4 sets: train-set, dev-setl, dev-set2 and test-set, and included
an unannotated background set that was not utilized. Table 1 contains the overall size of these
sets. Also available was a list of ICD-O-3 codes (valid_codes.txt) containing the morphology
codes and an associated term and comment. This was used for dictionary-based systems; no
other third party data were used to develop our systems.

2.2. Pre-Processing

Cantemist input files in BRAT standoff format (.ann files) were converted to CoNLL format for
processing by all systems, except REGEX. Input text was tokenized using the NLTK Spanish
tokenizer and converted to either a 2 or 3 column format. The first column specified the token,
and the second column specified the Cantemist tag in IOB (Inside-Outside-Begin) format. An
optional third column was used in BETO-FLAIR-REGEX and MBERT-REGEX to specify the logits
resulting from the pytorch-based MBERT-REGEX system, which was used to adjust the cutoff
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Table 3
Example of Regular Expression Construction

Annotated Strings Regular Expression
(?:\W)
adenocarcinoma mucinoso ([Aa]denocarcinoma\s+mucinoso\s+
moderadamente diferenciado moderadamente\s+diferenciado|
tumoracion sélida, estirpe mesenquimal  [Tt]Jumoracion\s+sélida,\s+estirpe\s+mesenquimall
diseminacion intracraneal [Dd]iseminacion\s+intracraneal|

[*a-zA-ZAEIOUNUAi6uRi]?LOES

(LOEs) hepaticas ["a-zA-ZAEIOUNUAéisaiii] ?\s+hepaticas|

pT2bNOM1 [Pp]T2bNOMT|
HCC HCC]
CCR CCR)
Ca
(?=\w)

frequency for the regular expression component (REGEX). During the conversion, many of
the annotations had overlaps which affected the performance of the converter. To handle
overlapping annotations, we kept only the longest of the overlapping annotation, based on span

length.

2.3. BETO-FLAIR

For our first system, we used the sequence tagger from Flair version 0.4.2. We loaded the
pretrained BETO[1] cased model as the base model for our sequence tagger [2]. BETO is a BERT
model that was pretrained with a Spanish corpus of approximately 3 billion Spanish words
using a similar architecture to BERT-base. Both have the same 110 million parameters. However,
BETO has 32,000 words in its vocabulary, compared with 30,000 in BERT-base. We trained the
model for 20 epochs with a batch size of 32 using the train set as the training data. We validated
on dev-setl and tested on dev-set2. This language-specific masked language model system was
used as a reference point for an "off the shelf" clinical NER implementation.

2.4. REGEX

We constructed a regular expression by joining together a unique list of each annotated mention
of cancer in the training and development sets. When evaluating against dev-set2 we excluded
annotation in that set. We removed a single two-letter string, ’Ca’, because it generated more
false positives than true positives. After replacing any regex escape character to match any
non-Spanish letter, we allowed the first character of the string to match both its upper and
lowercase forms, if the length of the string was greater than 5. This boundary was chosen
by manually reviewing the output. We listed these expressions from longest to shortest and
concatenated all of them together with the regex ’or’ operator, enforcing a word-boundary
before and after. See Table 3 for a clarifying example. Any regex match was predicted as
"MORFOLOGIA_NEOPLASIA".

461



2.5. MBERT-PYTORCH and BETO-PYTORCH

Both implementations use Huggingface’s Transformers[21] library to provide the MBERT-
PYTORCH model (using the pretrained ’bert-base-multilingual-cased’ model) or the large cased
model of BETO BETO-PYTORCH. Data from CoNLL files are packed into samples as close as
possible to BERT s maximum of 512 tokens. The assigned labels consist of IOB tokens, indicating
whether a given subword is the beginning ("B") of a match, the interior ("I") of a match, or
outside ("O") the scope. The model functions as a standard pytorch model and trained for 4
epochs. The batch size was 8; however, the implementation makes use of gradient accumulation
to only calculate gradients after a specified number of training steps, effectively giving the
model a batch size of 32 to match the BERT paper. Since Huggingface provides tools only for
subword (token) classification and sample classification, we used the label generated for the first
subword in a word as the label for that word for both MBERT-PYTORCH and BETO-PYTORCH.

2.6. BETO-FLAIR-REGEX and MBERT-REGEX

The MBERT-PYTORCH and BETO-FLAIR systems were extended by integration with the REGEX
system. Both systems were modified to output a confidence score, ranging from 0 to 1, as-
sociated with the prediction for each token. We obtain these scores by applying softmax to
the logit values returned by the BERT model. For tokens that were initially classified as not
"MORFOLOGIA_NEOPLASIA" (the "O" class) that were later contained in a span of text the
REGEX system classified as "MORFOLOGIA_NEOPLASIA," we would adjust the confidence
score by +0.15. If the adjusted confidence score of any of the tokens crossed the 0.5 boundary,
we changed the classification to "MORFOLOGIA_NEOPLASIA" for all tokens matched in the
regular expression. The confidence score adjustment of +0.15 was chosen empirically after
manually reviewing the output of the two systems. The decision to apply the adjustment solely
to the "O" class was made in hopes of improving recall without reducing precision. This resulted
in only a few adjustments to the predicted results of the two systems: BETO-FLAIR-REGEX
resulted in 1998 annotation changes compared with BETO-FLAIR alone across both the test and
background sets, and MBERT-REGEX resulted in 59 changes compared with MBERT-PYTORCH
alone.

2.7. MBERT-DICT and BETO-DICT

The MBERT-DICT and BETO-DICT systems extends MBERT-PYTORCH and BETO-PYTORCH
respectively by the use of dictionary-based features described in the next section. We wrote a
custom head for the BertForTokenClassification model which concatenates these dictionary-
based features with the logits corresponding to each subword in a sample. These extended
samples run through two stacks of dropout and fully-connected layers, first mapping to the
HIDDEN_SIZE, then applying the standard mapping to NUM_LABELS. Results for this model
converge in 4 epochs.
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2.8. Dictionary Features

Table 4 summarizes dictionary-based features used in the BETO-DICT and MBERT-DICT systems.
Features were selected in order to assess both the coverage and the cohesiveness of input
mentions relative to a term representation of all term names and synonyms in the Cantemist-
provided ICD-O dictionary (valid-codes.txt file) for an entry.

For subword-based dictionary features, the presence of input mention text dictionary-based
features were calculated for each input subword present in the mention. We utilized the entire
512 BETO subword limit as our lookup window.

Character-based dictionary features were calculated using a Python string similarity library
(https://github.com/luozhouyang/python-string-similarity). Character-based comparisons were
made between a character-based term representation of the dictionary term and the lookup
window. Parameters for character-based dictionaries, including overlap co-efficient and shingle
size, were determined empirically, resulting in values of 3 and 5 respectively. All dictionary
features are described in detail below.

Highest subword coverage The highest subword coverage calculates the number of over-
lapping subwords in the subword window for each ICD-O term’s dictionary name and any of its
respective synonyms (term representation) to compute a subword overlap count for each term.
The highest subword coverage is the count of subword overlaps for the term with the maximum
subword overlaps for the dictionary.

Distinct subword Each subword in the subword window is matched against all dictionary
term representations resulting in a set of all the entries with at least one subword. One or more
subwords will return a set with the lowest cardinality. That minimum cardinality over all
returned sets from all subwords in the subword window is the distinct subword.

Average matches The average number of subword window term representation over the entire
dictionary.

Fraction of entries with highest subword coverage The fraction of entries whose term
representation is the maximum number of subwords represented in the subword window.

Differential subword coverage The differential subword coverage is computed by taking
the "Highest subword coverage" described above and subtracting the average subword coverage
or overlap between the subword window and all subword term representation in the ICD-O
dictionary.

Best entry log subword frequencies The subword frequency for each subword in the ICD-
O dictionary is computed for all subwords overlapping between the subword window and the
subword term representation. The log of these frequencies is summed for each comparison and
the highest value is used as the "best entry log subword frequencies".
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Table 4
Dictionary Features for Named Entity Normalization

Feature Name Feature Type
Highest subword coverage Subword
Lowest subword specificity Subword

Average matches Subword

Fraction of entries with

highest subword coverage Subword
Differential subword coverage
Best entry log subword frequencies Subword
Overlap coefficient Character
N-Gram Character
Table 5
Official Test Results
System Prec  Recall F-Score
BETO-FLAIR 0.736 0.609 0.667
MBERT-PYTORCH  0.673  0.357 0.467
REGEX 0.688 0.744 0.715

Overlap coefficient An overlap coefficient of 3 is used to calculate a Szymkiewicz-Simpson
similarity score between the mention subword and 10 adjacent characters on either side ("char-
acter extended subword window") to a character-based term representation.

Shingle N-Grams Character 5-gram profiles were pre-computed for each character-based
term representation and compared to a profile from the input mention’s character extended
subword window using cosine similarity .

3. Results

Official test results are shown in Table 5, and unofficial test results including all systems
developed are shown in Table 6. Only 3 systems were submitted in time for completion, but
we show test results for all data using the included eval script. The discrepancies between
the official and unofficial test results are caused by changes made to the utility that converted
.conll and .ann files, changes in the regex system to more loosely match escape characters,
and processing all files with MBERT-PYTORCH. Our original submission included only 80% of
files. Our best performing system for the official test results was the baseline REGEX system
which reflects underdevelopment of the masked language model systems, although BETO-FLAIR
had the highest precision. This is replicated in the unofficial results. Additionally we show
results on the development set in Table 7. The BETO-PYTORCH obtained the best results in all
3 evaluation metrics.
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Table 6
Updated Unofficial Test Results

System Prec Recall F-Score

BETO-FLAIR 0.74 0.61 0.67
BETO-PYTORCH 0.71  0.68 0.70
MBERT-PYTORCH 0.69 0.30 0.42
REGEX 0.70 0.77 0.73
BETO-FLAIR-REGEX 0.67 0.64 0.66
MBERT-REGEX 0.63 0.68 0.66

BETO-DICT 0.61 0.71 0.66
MBERT-DICT 0.64 0.67 0.65
Table 7
Development Data Set Results
System Prec Recall F-Score
BETO-FLAIR 0.68 0.61 0.64

BETO-PYTORCH 0.76 0.76 0.76
MBERT-PYTORCH 0.69 0.73 0.71
REGEX 0.67 0.74 0.70
BETO-FLAIR-REGEX 0.68 0.61 0.64
MBERT-REGEX 0.69 0.73 0.71
BETO-DICT 0.67 0.58 0.62
MBERT-DICT 0.67 0.74 0.70

4. Discussion

We were disappointed by the poor performance of pure transformer-based systems on the test
data relative to the simple regular expression-based system REGEX. We also tested using a pure
regular expression dictionary matching approach, but performance was worse than simply look-
ing for exact matches in the training data (data not shown). However, on the development data
BETO-PYTORCH did produce the best results. Our efforts to integrate dictionary features with
masked language models also yielded disappointing results. We suspect the poor performance
of the dictionary-based approach is due to limited development time, the reliance on subwords
(versus words), overly large lookup window (512 subwords instead of a sentence or smaller
window) and the lack of dictionary feature validation and testing rather than the integration of
these features into the BERT model.

Combining BERT based model with REGEX did not result in a significant improvement.
Recall was slightly higher when evaluating on the test data set, but at a cost of lower precision.
High recall with lower precision is naturally expected when using regular expression-based
systems for NER. Picking a single confidence score adjustment and applying that across multiple
trained models also likely caused lower performance, since each model’s average confidence
score for a given class was significantly different.
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Future Directions In the short term, we plan to expand the number of dictionary-based
features to better account for term variation and head nouns. Word level features also need to be
introduced, and the utility of subwords to handle medical abbreviations and relevant Latin and
Greek roots needs to be evaluated. Appropriate medical stemming, or use of a clinical subword
vocabulary, also needs to be evaluated. We are also interested in cross-language evaluation
(English-Spanish) of cancer extraction terms.

4.1. Limitations

Our work suffered from a number of limitations, the most important being the lack of a Spanish
speaker in our group, forcing us to rely on Google Translate and the similarity of Latin-based
medical terms. Due to time constraints, we did not perform a principled dictionary feature
evaluation to assess the relative importance of features. Parameter settings were not fully
evaluated for similar reasons.
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