Stock market meets external events:
can we predict the reaction?

Elizaveta Kovtun
Sber, Skoltech
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Time series of different nature
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Stock price and external events




Problem statement

Time Series
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Our goal is to predict price change after influential events
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Why pharma market and clinical trial announcements?

The ChemoCentryx company with news about drug 'TAVNEOS'

The Novavax company with news about drug 'RSV F Vaccine'
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1. Sentiment polarity extraction from clinical announcements

Positive Negative Neutral
Announcements Announcements Announcements
Keywords: “approve”, Keywords: “failed”,
“meets’”, “show” “halted”, “did not reach”

1. Compose dictionaries with keywords that reflect the announcement polarity
2. Train BERT on announcement texts and a rule-based markup
3. Complement dictionaries with keyword from mistakenly classified texts




1. Sentiment polarity extraction from clinical announcements

[ Positive ] [ Negative ] [ Neutral J
Announcements Announcements Announcements
Keywords: “approve”, Keywords: “failed”,
“meets’”, “show” “halted”, “did not reach”

-+ -+
“demonstrate’, “terminated”,
“potential”, “accepted”, “discontinued’,

7 G

“‘encouraging” “insufficient”, “paused”



1. Sentiment polarity extraction from clinical announcements

Positive Negative Neutral
Announcements Announcements Announcements

Rule-based markup is reasonable since a message of

announcement is straightforward




2. Construction of feature space

Market features Company features Announcement features

* NASDAQ biotechnology index * Income statement * Announcement sentiment
* Mean number of trading e Full-Time Employees polarity
volume peaks per year e (Cash flow e ICD-10 codes

e Stock price trend for the last
30 days before the event



3. Evaluation of expected return

The Sarepta Therapeutics company with news about drug 'EXONDYS 51
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3. Evaluation of expected return

The Sarepta Therapeutics company with news about drug 'EXONDYS 51

80 1 |
i
70 Announcement:
Approved September 19, 2016.
L i i
g 60- ; Target measure:
.: i
g NCAR_20
e 50 -
2 i /
I
n 1 o,
% 401 i +102.8%
o i
g e
o 307 gmadiEe=—""]
o — i
20 days before annoncemeht region, MAPE=0.09
201 ---- Announcement |
I Prediction error !
---- 20 days expected return i
10 i
SN N A I X
S N S S N ~ ~



3. Evaluation of expected return
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3. Evaluation of expected return
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3. Evaluation of expected return

Estimation of expected return:

« Stock price
« Trading volume
+ NBI

- . -

20-day prediction
of stock price




3. Evaluation of expected return

The Sarepta Therapeutics company with news about drug 'EXONDYS 51
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From regression to classification
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Regression setting:
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General pipeline

The Sarepta Therapeutics company with news about drug 'EXONDYS 51
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General pipeline

Corpus of clinical Medical and financial company- History of stock prices, trading
Input . .
announcements related information volume, NBI
Preliminary Sentiment Polarity Extractor Feature Extractor Expected Return Evaluator
t Combination of rule-based labeling Aggregation of information from Prediction of expected return with
SdES by key words and BERT Classifier diverse data sources Temporal Fusion Transformer model
Labeled announcements: . . Estimated expected return for
. . Generated informative features )
positive, negative, neutral post-announcement period
l I
:
I
: Event Impact Predictor
Main stage | Impact classification with Graph
| Neural Network + Gradient Boosting
:
L
Predicted stock price change
Output P €
caused by announcement




General pipeline
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Adoption of GCN

@® Negative announcement
@ Positive announcement
@ Current announcement

Edge between two nodes if:

* The earlier event happens with the same company
e o or nosology AND

« The time period between events is less than 1 year



Adoption of GCN
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Core classifier

— Corpus of clinical Medical and financial company- History of stock prices, trading
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Core classifier

Neural Network + Gradient Boosting Co re
e pa rt

[ Predicted stock price change J
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Results



» 5436 clinical trial announcements
* 681 companies
* years 2018-2022



Sentiment polarity evaluation

# Divergences | # Coinciding positives | # Coinciding negatives | # Coinciding neutrals
With the initial keywords 207 1447 445 337
With the updated keywords 66 ‘ 1562 765 304 ‘
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Announcement impact analysis
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Announcement impact analysis

Positive announcements Negative announcements Neutral announcements
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distributions are different
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Impact of company background on stock prices

NCAR
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Class distribution

Announcements grouped by NCAR

= N N w
(9] (@) Ul o

% of total samples

=
o

u\«\ & ’L\ N u\g\u\ %\m\ b\’\\ | O
KQQ’ ,?’ ob‘ Q’L Qxb‘ Q - 71’%0”‘%02 /\Q(b "
% ’\\ b\ ’1/\ \ \ b‘ Q
T R7 87 g g GO O oY @ X T @ 8

NS NN
NCAR of event



Class distribution

Announcements grouped by NCAR
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Classification results

OvR ROC AUC

Quality of event classifier
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Classification results

Extremely Moderately Moderately | Extremely
Class name* Negative Negative Negative Positive Positive Positive
Stock price change range (—o00,-0.28] | (-0.28,-0.14] | (-0.14,0] | (0,0.14] (0.14,0.28] | (0.28, + o0)
Number of events 211 189 599 478 110 67
Positive events** 72 106 421 366 83 57
Negative events** 139 83 178 112 27 10
OvR ROC AUC for GCN+GB 0.87 £ 0.02 0.77 £ 0.03 0.63+£0.02 |0.71£0.01 [0.70X£0.02 |0.75=£0.04
OvR ROC AUC for GB 0.85 £ 0.02 0.72 £ 0.02 0.60 £0.02 |0.67 £=0.02 |0.66 £0.04 |0.74 £0.05
Welch’s t-test p-value*** 0.09 0.05 0.002 54 x 107> | 0.02 0.65




Classification results

Extremely Moderately Moderately | Extremely
Class name* Negative Negative Negative Positive Positive Positive
Stock price change range (—o00,-0.28] | (-0.28,-0.14] | (-0.14,0] | (0,0.14] (0.14,0.28] | (0.28, + o0)
Number of events 211 189 599 478 110 67
Positive events** 72 106 421 366 83 57
Negative events** 139 83 178 112 27 10

OvR ROC AUC for GB

0.85 £ 0.02

0.72 £ 0.02

0.60 £ 0.02

0.67 £ 0.02

0.66 £ 0.04

0.74 £ 0.05

Welch’s t-test p-value***

0.09

0.05

0.002

5.4 x 102

0.02

0.65

GCN-based features improve quality




Classification results

Extremely Moderately Moderately | Extremely
Class name* Negative Negative Negative Positive Positive Positive
Stock price change range (—o00,-0.28] | (-0.28,-0.14] | (-0.14,0] | (0,0.14] (0.14,0.28] | (0.28, + o0)
Number of events 211 189 599 478 110 67
Positive events** 72 106 421 366 83 57
Negative events** 139 83 178 112 27 10
OVR ROC AUC for GCN+GB 0.77 +0.03 0.71+0.01 |0.70£0.02 |0.75 £ 0.04
OvR ROC AUC for GB 0.85 £ 0.02 0.72 £ 0.02 0.60 =0.02 |0.67£0.02 |0.66x0.04 |0.74£0.05
Welch’s t-test p-value*** 0.09 0.05 0.002 54 x 107> | 0.02 0.65

Extremely Negative class is the easiest to predict, while Negative
class is the hardest one




Feature importance analysis

$Drug Portfolio Size

&% Flag of Negative Polarity

$ NBI 30-day Trend

$ Cost of Revenue

}if GCN-generated Probability of Moderately Negative Class
}gf GCN-generated Probability of Moderately Positive Class
X GCN-generated Probability of Positive Class
%GCN-generated Probability of Extremely Negative Class
$ Capital Expenditures

$ 30-day Company Trading Stock Price Trend

$ Operating Income

‘2\ Number of Existing Drugs for Announced Nosology
$Tota| Receivables, Net

$Net Income

%GCN-generated Probability of Negative Class

$ From 60 to 30-day Company Trading Stock Price Trend
$ Common Stock
$ Issuance (Retirement) of Stock

}i{ GCN-generated Probability of Extremely Positive Class
$ NBI from 60 to 30-day Trend

0,8
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- I Features related to FDA
- - o announcement, drug, indication
- I $ Features relatgd to financial
- . values of public company
- I X Synthetic features from graph
B [ | convolutional network model
N N

1 I W Extremely Negative

I I B Moderately Negative

B 0 Negative

I B Positive

I 1] Moderately Positive

H B M Extremely Positive
I




Take away

* Prove the existence of event impact on time series before solving the
prediction task

» Look at a relationship between different characteristics and a target variable

» Generate comprehensive feature space



Appendix



Post-announcement period duration

Trade volume peaks duration
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Positive announcements

Negative announcements
——=- Equal groups boundaries
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Company age since entering the IPO
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Impact dependence on company age




