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ldentify Stock Sell Signals

In brief

= Asystematic model that is separate from security selection models can provide signals of when a
stock may be prone to underperform

= The sell signal provides incremental information for MFS Blended Research portfolio managers
and encourages them to revisit the holding

= Reviewing the investment thesis may lead to a rating of hold, sell, reduce or avoid the stock

Choosing which stocks to buy and when is difficult. Deciding when to sell out of a stock can be
equally as difficult and may have a bigger impact on performance.

Itis important to emphasize that the stock selection models are designed to rank stocks from best to
worst, but the sell model focuses on stocks likely to underperform, using factors that have historically
worked on the downside (versus on both sides, as with the stock selection models).

In this paper, we cover how a sell model fits into the investment process, factors used to construct the
model, and an example of how it works in practice.

Introduction to a systematic sell model

To help understand when a security may be worth consideration for selling, the MFS Quantitative
Solutions team designed a sell model to evaluate stocks across multiple factors that are specifically
focused on downside risk. We believe it is a useful addition to any investment process, especially
during challenging macro environments when stocks identified as “at risk” are most vulnerable and
likely to underperform or experience a dramatic price decline. It’s worth noting that our sell model is
distinct from our stock selection model, which uses different factors as inputs, as shown in Exhibit 1.

Exhibit 1: Factors in our quantitative alpha model
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The factors in our quant model are generally seen as alpha generators that have historically
worked well at picking both buy and sell ideas. There are, however, some often overlooked
factors that have historically had an asymmetric return profile. These have been effective at
predicting stocks that will likely underperform but do not necessarily work when selecting which
stocks to buy, making them generally a bad fit for the stock selection model. After consulting a
range of academic, industry and in-house research pieces, we therefore constructed a separate
model that effectively incorporates those factors with an asymmetric nature and created a sell
signal that is differentiated from our stock selection model.

The sell model can be a useful part of the portfolio construction process for our Blended
Research funds. The sell signal can help early identification of potential underperformers.

Using such a systematic approach can also help to reduce biases involved in owning a particular
stock when it comes to selling some or all of the position. The resulting red flag can be used by
portfolio managers to investigate further and decide whether to hold, sell, avoid or limit their
position sizes.

Using asymmetric factors to construct the sell model

Our sell model comprises four factor categories, shown in Exhibit 2.

Exhibit 2: Factors used in systematic sell model

Sell Model

Market

Accounting Capital

Credit risk

sentiment

quality deployment

Within each category, stocks are evaluated across multiple factors:

1. Accounting quality: identify companies with questionable earnings quality and high
likelihood of engaging in accounting manipulation

2. Creditrisk: identify companies with high leverage and low liquidity, which could lead to
higher probability of distress and default

3. Capital deployment: assess companies’ efficiency of capital allocation. Research shows
that over-investment such as M&A and frequency issuing of stock or debt tend to lead to
underperformance

4. Market sentiment: market reactions, such as volatility and short interest, are a direct
indication of investors’ sentiment towards the stocks
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Cumulative Return %

These factors are in either continuous or binary form. They generally belong to a common theme
but are distinct and have relatively low correlation. For example, interest coverage ratio is one

of the leverage factors in the “credit risk” category. It measures a company’s ability to pay back
interest expenses on its outstanding debt. In previous research, we have looked at companies
with low to negative interest coverage ratios (last 12 months earnings before interest and taxes
divided by interest expense), defined as “zombie companies,” and their characteristics and
performance during various economic cycles. Our research concluded that zombie companies
significantly underperformed the rest of the universe, especially during economic downturns and
high-rate environments, shown in Exhibit 3. We believe that the interest coverage ratio is a useful
component of our sell model and representative of the kinds of factors we use in it. It is asymmetric
in the sense that it worked well at predicting losers, but a high interest coverage ratio does not
necessarily lead to outperformance.

Exhibit 3: Cumulative return of zombie vs. non-zombie companies
Downturn  ® Non-zombie M Zombie
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Source: Factset. MFS Research.

For the factors we use in the sell model, we rank stocks relative to their peer group, and then use
ranks above a certain threshold as a binary value, i.e., 1 for those extreme values and 0 otherwise.
In this way, each factor in the sell model is used as a “red flag.” Multiple red flags are an indication
of elevated risk in the category. The overall sell signal is an equal-weight aggregate of the four
category scores. Stocks with the strongest sell signal would score poorly in two or more categories
relative to sector peers.
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Real-life example of the sell model at index level

Each theme of the sell model produces a score ranging from O (best) to 1 (worst). These theme
scores are averaged to calculate the overall sell model score. Our research has shown that
companies with an overall sell model score of at least 0.5 have historically had materially poor
relative returns, so we focus on these as the highest-risk stocks, classifying them as “sell” Those
names generally account for 2-3% of the investable universe. Exhibit 4 shows companies in the

bottom 2% of the sell model in the US large-cap universe, as of Q4 2023.

Exhibit 4: Companies in the bottom 2% of sell model in Russell 1000°,

asof Q42023

Account

Quality

Credit Risk

Capital
Deployment

Market
Sentiment

Sell Score

AFRM  Affirm Holdings, Inc. 0.50 1.00 0.25 0.50 0.56

AGNC ~ AGNClnvestment 0.50 1.00 0.00 0.75 0.56
Corp.

AON  AonPlc 0.50 1.00 0.50 0.50 0.63

APA APA Corporation 0.50 0.50 0.25 1.00 0.56

pprs AEls 0.50 0.75 0.25 0.75 0.56
Pharmaceuticals, Inc.

gpmc  BlueprintMedicines 0.75 0.75 0.25 0.50 0.56
Corp.

CG Carlyle Group, Inc. 1.00 1.00 0.25 0.25 0.63

CYTK Cytokinetics, Inc. 1.00 0.75 0.00 0.75 0.63

s IETTETED 1.00 1.00 0.25 0.25 0.63
Financial Corporation

FcNca  FirstCitizens 1.00 1.00 0.50 0.50 075
BancShares, Inc.

GTLS Chart Industries, Inc. 0.50 0.75 0.50 0.75 0.63

LNTH Lantheus Holdings, Inc.  0.75 0.50 0.25 0.75 0.56

LW IS eI 1.00 0.25 0.75 0.25 0.56
Holdings, Inc.

mmc  Marsh&Mclennan 0.50 1.00 0.50 0.25 0.56
Companies, Inc.

MTZ MasTec, Inc. 0.75 0.75 0.25 0.50 0.56
Norwegian Cruise

NCLH e Holdings Lid, 0.50 0.75 0.50 0.75 0.63

Nes  MSEACASESI g g 1.00 0.00 0.75 0.69
Bancorp, Inc.

PTEN &actterson'UT' Energy, 75 0.50 0.25 1.00 0.63

R s e 0.00 .00 0.50 0.75 0.56
Holdings, Inc.

u Unity Software, Inc. 0.75 0.50 0.25 0.75 0.56

W Wayfair, Inc. 0.50 0.75 0.25 0.75 0.56

WOLF  Wolfspeed, Inc. 0.75 0.75 0.75 0.75 0.75

*Sector-relative returns

Source for data: Factset.
Individual securities mentioned are for illustrative purposes only and may not be relied upon as investment
advice or as an indication of trading intent on behalf of any MFS product.
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- Exhibit 5 shows the result of using the above rule over the last 21 years. We use the rule at each
year end to create a bucket of “sell” rated stocks, which we then hold for that calendar year.

The return shown for each year is the median sector relative return for the stocks in the sell
bucket. On average this has been -8.6% per year, meaning the sell-rated stocks have tended
to underperform their sectors materially. There have been a few years where the sell bucket
went on to outperform peers, most notably 2009 at the end of the Global Financial Crisis, 2020
during Covid, and 2023. These three years were moments where there was a market bottom
either at the end of the preceding year (October 2022) or in the first quarter of the year itself
(March 2009 and March 2020), followed by a market recovery.

Exhibit 5: Median annual return* of stocks in Russell® 1000 classified as "sell"

‘04 ‘05 ‘06 ‘07 ‘08 ‘09 10 ‘11 ‘12 ‘13 14 15 16 17 ‘18 19 ‘20 ‘21 ‘22 ‘23 ‘24 ‘25
*Return is equal-weighted sector-relative return.
Source for data: Factset.

Applying the sell model to portfolio construction

We believe our sell model is a useful risk tool for portfolio management. It identifies stocks
that are vulnerable and likely to underperform in the next few months. For those stocks, our
portfolio managers can choose to keep a closer watch, limit their position size or avoid them
entirely. Our research indicates that including the sell model in our portfolio construction
process helps us improve portfolio performance and reduce volatility. Risk management is
important for active managers; we believe that winning over time by not losing is a way to
generate alpha and help investors pursue their long-term goals. 4

We welcome the opportunity to discuss our systematic sell model with you. Please
contact your MFS representative and we will be happy to help.
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The views expressed are those of the author(s) and are subject to change at any time. These views are for informational purposes only and should not be relied upon as a recommendation to
purchase any security or as a solicitation or investment advice. No forecasts can be guaranteed. Past performance is no guarantee of future results.

Diversification does not guarantee a profit or protect against a loss. Past performance is no guarantee of future results.

GLOBAL DISCLOSURE

Unless otherwise indicated, logos and product and service names are trademarks of MFS® and its affiliates and may be registered in certain countries.

Distributed by: U.S. - MFS Institutional Advisors, Inc. (“MFSI”), MFS Investment Management and MFS Fund Distributors, Inc., Member SIPC; Latin America - MFS International Ltd.;
Canada - MFS Investment Management Canada Limited. Note to UK and Switzerland readers: Issued in the UK and Switzerland by MFS International (U.K.) Limited (“MIL UK”), a private
limited company registered in England and Wales with the company number 03062718, and authorised and regulated in the conduct of investment business by the UK Financial Conduct
Authority. MIL UK, an indirect subsidiary of MFS®, has its registered office at One Carter Lane, London, EC4V 5ER. Note to Europe (ex UK and Switzerland) readers: Issued in Europe by
MFS Investment Management (Lux) S.a r.l. (MFS Lux) - authorized under Luxembourg law as a management company for Funds domiciled in Luxembourg and which both provide
products and investment services to institutional investors and is registered office is at S.a r.l. 4 Rue Albert Borschette, Luxembourg L-1246. Tel: 352 2826 12800. This material shall not be
circulated or distributed to any person other than to professional investors (as permitted by local regulations) and should not be relied upon or distributed to persons where such reliance
or distribution would be contrary to local regulation; Singapore - MFS International Singapore Pte. Ltd. (CRN 201228809M); Australia/New Zealand - MFS International Australia Pty Ltd
(“MFS Australia”) (ABN 68 607 579 537) holds an Australian financial services licence number 485343. MFS Australia is regulated by the Australian Securities and Investments Commission.;
Hong Kong - MFS International (Hong Kong) Limited (“MIL HK”), a private limited company licensed and regulated by the Hong Kong Securities and Futures Commission (the “SFC”). MIL
HK'is approved to engage in dealing in securities and asset management regulated activities and may provide certain investment services to “professional investors” as defined in the
Securities and Futures Ordinance (“SFQ”).; For Professional Investors in China - MFS Financial Management Consulting (Shanghai) Co., Ltd. 2801-12, 28th Floor, 100 Century Avenue,
Shanghai World Financial Center, Shanghai Pilot Free Trade Zone, 200120, China, a Chinese limited liability company registered to provide financial management consulting services.;
Japan - MFS Investment Management K K., is registered as a Financial Instruments Business Operator, Kanto Local Finance Bureau (FIBO) No.312, a member of the Investment Trust
Association, Japan and the Japan Investment Advisers Association. As fees to be borne by investors vary depending upon circumstances such as products, services, investment period and
market conditions, the total amount nor the calculation methods cannot be disclosed in advance. All investments involve risks, including market fluctuation and investors may lose the
principal amount invested. Investors should obtain and read the prospectus and/or document set forth in Article 37-3 of Financial Instruments and Exchange Act carefully before making
the investments.
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