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Continuous Mortality I nvestigation

Critical Illness Committee

Progress towar ds an improved methodology
for analysing CMI critical illness experience

INTRODUCTION

This paper introduces a development to the metlogggbdreviously used by the CMI
Critical lllness Committee to assist with the iptetation of critical iliness insurance
claims experience. It illustrates this developmiemntexperience in 1999-2002 and
discusses the further work required to enable sgalclaim rates for critical illness
business to be produced.

The main area of difficulty in analysing claims erence within the CMI critical
illness investigation has been the substantialydefeom diagnosis of a claim to
settlement. This and other issues with the datades@issed in Working Paper 14,
which was published when the results for 1999-208% issued to member offices
in May 2005.

Working Paper 14 also introduced the concept afrassing-up factor” that sought
to adjust the reported experience from settlednddb diagnosed claims, that can be
meaningfully compared with the exposure. The CMI Committee published
Working Paper 18, later in 2005, to document thedlb@ck received on Working
Paper 14 which largely reinforced the Committeessice to produce grossing-up
factors for subsets of the data. These are reqtoredderstand the claims experience
by age, gender, smoker status, duration, calenear, yxause of claim and other
factors.

The method used to estimate grossing-up factorg$varking Paper 14 required
assumptions to be made about the growth in expetéétis. The approach used to
do this was relatively crude and it was then difii¢co produce grossing-up factors
for subsets of the data. We believe the developrtetite methodology outlined in
this paper is a significant step forward in overgamthis difficulty.

Furthermore, the methodology used to calculate uhderlying delays in claim
settlement was data-intensive. This also inhib#gstimation of grossing-up factors
for subsets of the data. Further analysis of cldéhays is still required before we are
able to use our revised methodology to producabiiresults for subsets of the data
and to develop realistic claim rates for critideda@ss business.

It is important to note that our previous methodglavas developed to avoid the
understatement of the experience that arises flmmparing settled claims with the
exposure in the corresponding year. The proposedi@ament of the methodology
seeks to make better use of the data fields availae do not consider that this is
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2.1.

2.2.

the only possible methodology which could be usatvke believe it provides a
practical solution and our analysis indicates ihpatoduces credible results.

In particular, the methodology has been developedcdpe with incomplete

information on dates of claim within the datasdte TCMI CI investigation is now

receiving date of diagnosis on an increasing pfiogorof claims and, in time, we
hope that this proportion will be sufficiently higto allow us to use more
conventional methods, such as deducting claimsndsed before the investigation
period from those settled during the period andlyapgp IBNS adjustments to

estimate the total diagnosed claims in the pekdlilst this proportion has increased
again for the 2005 data collected to date, we thtinklikely that we will be able to

adopt a more conventional approach yet. Even itadd, an alternative method is
still required to analyse experience for the yéar2004.

The paper first sets out the background to thiskworsection 2, which includes a
discussion on existing methodologies. We then duce our proposed development
to the methodology in section 3. Aspects of thasex¥ methodology, together with
the inputs and assumptions for an initial applaatiare discussed further in section
4. Section 5 sets out the results of this init@blecation of the revised methodology
to the lives experience for full acceleration besm in 1999-2002, whilst the
sensitivity of these results to some of the assiomgtis considered in section 6.
Section 7 re-states our rationale for the developno®mpares its outputs with those
from our previous methodology and considers theréutise and development of the
methodology. Section 8 sets out the further workumed to complete an
implementation of the revised methodology.

All feedback on this methodology will be warmly wemed by the CMI CI
Committee. Please see section 9 for details ongirmyfeedback.

BACKGROUND

As noted above, the main area of difficulty in gsalg claims experience within the
CMI Critical lliness investigation has been the stahntial delays from diagnosis of a
claim to settlement. This and other issues areideresd more fully in Working Paper

14, but are briefly summarised below for complessndn this section we consider a
conventional actuarial approach to addressing tleses and also our previous
methodology, using grossing-up factors, as destiitb&Vorking Paper 14.

The CMI collects data on critical illness businessa calendar year basis. Given that
critical illness business is subject to significdetays between the date of diagnosis,
when the critical illness claim is incurred, ane tthate of settlement, it would be
impractical to wait for all the claims diagnosed anparticular year to be settled
before collecting and analysing the data. The Chvréfore asks for claims to be
submitted on the basis of claims settled duringydes. This results in a mis-match
between the exposure and claims. Given the subdtgnowth in business submitted
to the investigation since it started, this mischais especially pronounced. The
results that the CMI has released to date, progidatios of actual settled claims to
expected diagnosed claims, cannot therefore badmyesd a reliable guide to the true
underlying experience.



2.3.

We are therefore seeking a means to adjust thégesiproduce a reliable indicator
of actual diagnosed claims to expected diagnoseohsl

Chain ladder technique

2.4.

2.5.

2.6.

2.7.

2.8.

2.9.

This is an established actuarial technique whicghinbe considered appropriate to
apply in the analysis of critical illness experierto enable the estimation of actual
diagnosed claims.

The first step is to re-allocate the claims setitedach year to the appropriate years
of diagnosis. The next step is to adjust the kndvagnosed claims in each year by
adding the “Incurred But Not Settled” (IBNS) claiisat are expected to be settled in
future years.

To do this one estimates the claim settlement deistyibution from the available
data and assumes that the years that are notdeNgtoped will be subject to the
same development pattern. In a simplistic appbcati
* Claims are documented by year of occurremcar(d by curtate duration at
settlementK);
 The development ratio for any particular duration seattlement K is
estimated as:
Z Cj,K+1 / Z CLK
whereCj is the cumulative claims paid by the end of ygek) in respect
of claims incurred in yegrand the summation is over years of occurrepce,
for which settlements have progressed to duratdn

This approach therefore involves estimating thaltattual diagnosed claims from
those that are known using an assumption thatlém cettlement delay distribution
derived from previous periods can be used for theeat period. These estimates
would normally be refined over time, as more uplabe information becomes
available, until ultimately the estimates are @tyireplaced by actual information.

Such an approach has been adopted for the Irislbatrillness investigation, for
example. This has not been used for the UK CMI stigation, principally because
claim dates were not received for a significantpprtion of data. In particular, the
CMI only received a date of diagnosis for 56% aé tlaims settled during 1999-
2002. As a result, we do not know which claims #thdne removed from the data
because they relate to diagnoses before the igeésimn period. This led the
Committee to consider that it could not reasonaudgpt such an approach for the
investigation periods reported to date and to sé¢teknative methodologies.

In addition, there were a number of issues thaitddnthe confidence that the
Committee felt could be placed on dates of diagnasid on any claim settlement
delay distribution derived from the data. Theseuess which apply to all
methodologies under consideration, are as follows:
* The incomplete information referred to above alsans that we have less
data from which to estimate the claim delay disttidm.
* There was considerable growth in business volumesgl 1999-2002 and
in the preceding years. This means that claims hitg delays to settlement
are under-represented in the 1999-2002 settlednslaincreasing the
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uncertainty in any estimate of the claim delayribstion and the IBNS
adjustment.

 There is a lack of precision and consistency batwelaims assessors
regarding the definition of the date of diagnosis.

Grossing-up factors

2.10.The critical illness results that have been issivedate by the CMI compare actual
settled claims with expected diagnosed claims.réfeioto compensate for this mis-
match, we have indicated the need to apply a “grgagp factor”, which seeks to
convert actual settled claims to actual diagnodadns. The method we used is
described in Working Paper 14.

2.11.When the Committee released the 1999-2002 resitltgydicated approximate
grossing-up factors to correct for the distortidrthe results. It is important to note
that these grossing-up factors implicitly combined:
* the removal of claims settled in the investigatpariod but diagnosed (or
estimated to be diagnosed) in prior periods; and
» the addition of claims diagnosed in the investmatperiod but settled in
later periods or yet to be settled.

2.12. The schematic diagram reproduced below was us#éisgtrate the role of grossing-
up factors. The actual settled claims reporteth¢o@MI are shown as areas A and B.
Claims in area B have dates of diagnosis fallinghiwi the investigation period.
Claims in area A have dates of diagnosis preceti@gnvestigation period. Note that
the impact of unknown dates of diagnosis is thatmany cases, we do not know
whether a particular claim falls into A or B.

2.13.Claims in area C also have dates of diagnosis mitie investigation period but have
yet to be reported to the CMI. Mis-statement ireaskd results arises from the
inequality between areas A and C. The 1999-2002 OfMlices’ results released by
the CMI under-stated true experience as the clainasea C exceeded the claims in
area A due to the growth in the number of claimsrdine.

Date of Settlement

1/1/1999 31/12/2002
Date A
1/1/1999
of
Diagnosis B
C
' 31/12/2002




2.14.

2.15.

2.16.

3.1.

3.2.

3.3.

3.4.

A key assumption involved in the estimation of ging-up factors was the growth in
expected claims, which drives the proportion ofrekasettled in the period that are
estimated to have been diagnosed in prior periaglsthe split between A and B in
the diagram above. The Committee expected thisngstsan to vary for subsets of
the dataset — for example by duration — but thoutdtdd insufficient information to
estimate these accurately, as they relate to pepadr to the commencement of the
investigation. Our proposed development to the oddlogy seeks to overcome this
issue, recognising that we have important inforaratavailable to us that was not
fully utilised in the grossing-up factor approach.

As noted in 1.5, the method used to estimate tlidenying claim delay distribution
in Working Paper 14 was data-intensive, which afsmant that it was difficult to
apply to subsets of the data. This is an area wiveréntend to undertake further
work, but it has not been resolved in our initigdpkcation of the revised
methodology described in this Working Paper.

Finally it is worth noting that the CI Committeeotothe unprecedented step of
making the 1999-2002 dataset available to membécesf to allow them to
undertake their own analyses and explore otheradethgies. The dataset contained
individual records for both in force and claimstiwihe minimum number of fields
removed to preserve confidentiality of contributoffjces’ data.

OVERVIEW OF THE REVISED METHODOLOGY

In this section we aim to provide a succinct, genelescription of the revised
methodology. Further discussion of the inputs asdumptions required by the
methodology and, in particular, those used in aitialnapplication of the
methodology, is contained in section 4. A pictorggresentation of the methodology
is provided in Appendix A.

We start with the known in force data. For the pgof this description, we assume
we have consistent data supplied throughout thegdR99-2002 (see section 4.2
for discussion of where this does not apply). Taegadherefore consists of five in
force files at I January in each year from 1999 to 2003, inclusBexh of these
contains a list of in force records containing kesk factors such as gender and
smoker status.

Note that we are assuming that we do not have satoes force data for the years
before the investigation period, and the stepsrdest below attempt to estimate
this. It would of course be preferable to use dafata and this may be possible, for
example, for an office seeking to use our appréa@mnalyse its own experience.

This data can then be rolled back in time to presvigear-ends: records in force at
age X and duration T at 1/1/1999 are assumed te haen in force at age X-1 and
duration T-1 at 1/1/1998 (unless of course, T=#),the policy was issued in 1998).
Data is rolled back until the record with the losigduration at 1/1/1999 no longer
exists, i.e. we are assuming that we have a restdkrth existence relating to the first

year in which each office wrote business.
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3.5.

3.6.

3.7.

3.8.

3.9.

3.10.

3.11.

3.12.

From this in force data, an estimate is made ofrétbe at which in force business
goes off the books (the “off rate”). Note that mess may go off for a number of
reasons (maturity, expiry, surrender, lapse, cleam) the off rate is a composite
variable encompassing all of these. It is likelpattlthere were few maturities or
expiries during the period with which we are coneek.

This off rate is assumed to apply in preceding yeard is used to estimate the in
force data at these previous year-ends that had gffirthe books before 1/1/1999.
We refer to this as “synthetic” in force data ire tremainder of this paper. For
example, if there were 100 policies in force at11999 at age X and duration T and
the assumed off rate is 9%, then (provided T istgrethan zero) it will be assumed
that there were 110 policies in force at 1/1/199&ge X-1 and duration T-1; 100
known policies and 10 synthetic policies.

We can vary the off rate by age, duration, officeamy other variable that is

considered to be significant but we are nonethedpptying a rate estimated from a
period where we have data to an earlier period.l$/hie recognise that generating
synthetic data is a speculative assumption — aedltat cannot be validated from the
data supplied to the CMI — we believe that it l@as potential to distort the results.

This is discussed further in section 4.7.

With in force data for all these prior years aualgato us, we can now estimate the
exposure for each of these years. This can be dem®g a census method, by
averaging the start- and end-year in force figubdternatively, an exact method of
calculating exposure can be employed using commnescedates and off dates, if
these are known. To do this, assumptions regattiege dates would be required for
the synthetic data.

Note that the exposure will retain whatever polastails are maintained in the
rolling back of the in force data, e.g. age, genderoker status, sales channel, etc,
provided that synthetic data is also generatedgubiese fields.

Expected diagnosed claims are then calculated biyptying the estimated exposed
to risk by a claim rate. Note that these diagnadauns relate not only to 1999-2002,
but spread across all the years for which we hapgesire.

Each diagnosed claim gives rise, in due coursa,gettled claim. We therefore apply
a claim delay distribution to each diagnosed clarproject it forward to settlement.
We do not assign a single date of settlement tb elm; instead a proportion of
each diagnosed claim is distributed into each cayegf age, duration and calendar
year at settlement. For example, a claim diagnagedge X and duration T in
calendar year Y could be settled at (X,T,Y), (X+¥)I (X,T+1)Y), (X,T,Y+1),
(X+1,T+1,Y+1), etc and an appropriate proportioreath claim is assigned to each
of these categories. These proportions are summgivé the total expected settled
claims by age, duration and calendar year (andofimgr fields previously retained,
such as smoker status).

We can now compare the expected settled claimagli899-2002, estimated above,
with the actual settled claims that have been pexVio us by offices and are known.
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3.13.

3.14.

3.15.

4.1.

If we stop at this point, this will tell us how tlaetual settled claims compare with
the expected settled claims, based on the tablelaom rates and the delay
distribution that we have used. This is the basismbich results are presented in
section 5 of this paper. Note that this does nbieae our original goal of comparing
actual diagnosed claims to expected diagnosed €lalims is considered further in
section 7.

It is however possible to take the methodologyagestfurther in order to estimate the
claim rates applicable to diagnoses. This can me dy adjusting the initial set of
assumed claim rates, perhaps using an iterativeagip, so that the expected settled
claims, by age and duration, compare with the dceitled claims to an acceptable
level of accuracy. Note that these rates do nolyappa well-defined period, in that
they relate to rates of claim diagnosis applicablelaims settled in the period 1999-
2002. This is a slightly earlier period on averagée have not undertaken this
additional step in our initial application.

We would expect that the process described in pgpag 3.10 to 3.14 above would
be carried out separately for male non-smokerse realokers, female non-smokers
and female smokers so that experience, and ratesspeecific to each of these

categories. Furthermore the process does not raitesseed to be carried out at an
“all causes” level. Cause-specific claim rates alain delay distributions could be

used, in which case the actual settled claims shalgb relate to that specific cause
of claim only.

AN INITIAL APPLICATION OF THE REVISED METHODOLOGY

In this section we provide more detail on the ag#tions and inputs required by the
methodology both generically and, more specifigaity our initial application to
produce the results set out in section 5. Thisaindpplication uses lives experience
for full acceleration business in 1999-2002

In force data

4.2.

4.3.

In Section 3, we considered applying the methodotog consistent dataset over the
period 1999-2002. However there were numerous @asamg the composition of
business included in the investigation during 19092, due to changes in the
portfolios on which individual offices submittedtdand to offices joining or leaving
the investigation. Overall these changes substhnitigreased the size and coverage
of the investigation.

As a result, the CI Committee introduced the cohoggsubmission groups” within
its work. These groups divide the data into subaet®rding to the years for which
data is thought to have been submitted consisteiithg data made available to
member offices (see 2.16) included this field,talde discontinuities within the data
to be taken into account in further analysis, whilst including any field as sensitive
as an office number. The 1999-2002 data was therefob-divided into five
submission groups, as follows:



Submission Group | Yearsof submission
1 Data submitted consistently throughout 1999-200
2 Data submitted consistently throughout 1999-200
3 Data submitted consistently throughout 2000-200
4 Data submitted consistently for 1999 only
5 Data submitted consistently for 2002 only

N 1IN

4.4. Although not explicitly stated, the overview of theethodology in section 3 thus

4.5.

4.6.

considered the application of the methodology tansgsion group 1. (This has also
been used for the pictorial illustration in Append\.) The approach is easily adapted
for the other submission groups. For example, édomsssion group 3, our starting
data consists of four in force files at danuary in each year from 2000 to 2003,
inclusive. The roll back and inflating of exposusetherefore required for 1999 and
prior years and only the expected settled claimed2000-2002 will be compared
with the actual settled claims in the final stage.

In our initial application, we have used in forcatal divided by gender, smoker
status, age and duration. Furthermore we have aenmesl only ‘lives’ experience, not
‘amounts’ at this stage — the methodology can alshobe applied to either.

We have grouped data by age nearest and curtaed@atuas at 1/1/Y within each in
force file for our initial work. This has been dofoe pragmatic reasons (to avoid a
computer-intensive routine, involving analysis &t iadividual record level) but
restricts us to a census method for the calculatf@xposure.

Roll-back of in force data

4.7.

4.8.

4.9.

As explained in Section 3, there are two elememthe in force data estimated for
prior years:
* The initial in force data is rolled back to the yeach policy commenced,
and
* The known in force data in these earlier years si¢ede inflated for the
policies that have gone off the books before the dathe first in force data
file, in order to estimate the full exposure in fheriod. We termed this
additional in force data, synthetic data.

There are two assumptions implicit within the do#lek of in force data to previous
year-ends. The first is that records that are me@t age X, duration T at 1/1/Y are
assumed to have been in force at age X-1 and daordtl at 1/1/(Y-1), unless, of

course, T=0. The Committee believes that it willdxeeptional for this not to be the
case, for example even where a policy has lapseédhedn reinstated, it may not have
been in force at the previous year-end, but may hele been for the year-end
preceding that. As a result, we consider this aageable assumption to make.

The second assumption is that the earliest yeathban force data is projected back
to is derived from the first set of in force recogibmitted to the CMI (e.g. 1/1/1999
for submission group 1) and we are assuming thaticer policies existed that have
now all gone off the books. The Committee doesawnutsider that this assumption
has any material significance — in particular, esype relating to the earliest years of
critical illness business may not affect settlealmb in 1999-2002, depending on the
assumed length of the claim delay period.
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4.10. Note that in rolling back the in force data, we cliwose to retain whatever policy
details we feel are likely to be significant to thiaims experience, e.g. gender,
smoker status, sales channel, etc, provided thathetyc data is also generated
separately for these fields. In comparison to otgvipus methodology, which
involved estimating the growth in expected claitiss approach uses the age and
duration profile from the start in force to estim#te prior years’ in force - this is the
important information not previously being usedttiva referred to in section 2.14.
Given that increasing volumes of critical illnesssimess were sold during the 1990s,
the impact of the rolling-back will be to move messs towards younger ages and
shorter durations, reflecting the business prdfilthat time.

Synthetic data and off rates

4.11.By definition we have to use some form of modelassumptions to generate the
synthetic data. Our approach has been to estinfiatates from the period where we
do have data and assume these can be appliedier gaars.

4.12. Intuitively this feels like an heroic assumptiomce lapses and surrenders (which
should form the majority of offs during this perjochay be subject to a variety of
factors, including economic conditions and changedhe price and design of
products. However, as described in section 6, we Irasestigated the sensitivity of
the results to this assumption and we feel confidemtroduces little scope for
distortion of the results. The following examplesirates the reasoning behind this:

* Suppose our initial in force data is 1/1/1999. Tewgosure in 1998 is
calculated from the estimated in force at 1/1/1888 the known in force at
1/1/1999.

* Only 10% of the 1/1/1998 in force data is synthéifiche off rate is 9%),
hence only around 5% of the 1998 exposure has é&@nated. If volumes
of new business have increased, then this propowntilh be lower still.

* This exposure is used to calculate expected diaghokims in 1998, a
proportion of which are then settled in 1998 ssmdbconcern us.

» The error in the expected settled claims in 1999224xising from having to
estimate the 1/1/1998 in force is therefore smallcomparison to the
expected diagnosed claims in 1999-2002 that atledeluring those years.

* Whilst the estimation error increases for the ircéodata in earlier years,
the exposure in these years will be lower than 98912002 due to the
growth in business during the 1990s, plus a lowepg@rtion of the
expected diagnosed claims in the earlier yearshaMe delays sufficiently
long to bring them into the expected settled clami999-2002.

4.13. Analysis of the progression of the in force datarfr1/1/1999 to 1/1/2001 led us to
use an off rate assumption of 9% p.a. The methggolmuld allow this to vary by
office or duration, for example, but we have usesingle assumption in our initial
application since:

* We are applying the assumption to different calengears, so any
refinement may be spurious; and
* We believe the impact of the assumption to be Iewliacussed above and
supported by the results of tests as set out iose@ below.
We intend undertaking further analysis in this dyefore pursuing a more rigourous
application of the methodology.



Exposure calculation and dates of events
4.14.In Section 3, we noted alternative methods forudatng the exposure.

4.15.1f a census method is used, this implicitly assurtteg policies enter and exit
midway through the calendar year on average. Thithé method that has been
adopted for our initial application although we ibeé that a more accurate
calculation is essential to produce accurate resdlhis is considered further in
section 8 on Further Work.

4.16. Whilst we have made no explicit allowance in theasure calculation for exposure
after the date of diagnosis for claims, the expestiould not necessarily be regarded
as central exposure. We suspect that policiesoftgih remain premium-paying until
(around) the date of settlement. Hence such pelwid often exist in the in force
data at year-end(s) following the date of diagnosis

4.17.We therefore regard the definition of our expostateulation as indeterminate. This
potential mis-statement of exposure can only beremseéd when we have more
complete submission of dates of diagnosis.

4.18. Use of an exact method of exposure calculation dvoekessitate other assumptions:
* Within the data collected by the CMI we have ddteammencement but
we do not (currently) have date of exit, so thisuldoneed to be assumed
for policies that leave the investigation;
* We would also need to estimate dates of commendewuiaies of birth and
dates of exit for the synthetic policies that weneyate before the
investigation period through the application of tferate.

Claim rates

4.19.For our initial application we have calculated extpd claims using the all causes
rates from CIBT93, as these have been used asdimeaommparison basis within the
results we have released to offices. CIBT93 doédiiferentiate between smokers
and non-smokers or by duration, hence any diffeemt the experience will emerge
in different values of Actual/Expected.

4.20. Note that when CIBT93 was published (in “A Criti¢xview”), the paper stated that
the age definition of the CIBT93 table was age exahbich is the age definition of
most standard actuarial tables. However, the pajser contained the results of an
investigation into the claims experience in 199971and in producing the expected
claims it appears that CIBT93 was used as if thesravere age nearest. After
consulting with the authors, the CMI has used Hi#et consistently with the latter
interpretation, i.e. assuming the rates are ageesgan the results it has released to
date. Hence in this application we have again asduimat the CIBT93 rates are age
nearest.

4.21.CIBT93 spans ages 20 to 80. We have a very smaluatrof exposure at younger
ages and have assumed that the rates at thesecqagdshe rates at age 20. There is
no exposure at ages above 80 in the 1999-2002 data.

4.22.We have used the CIBT93 rates without any adjustinety as noted in 4.17 above,
the definition of our exposure is unclear as to thlbewe should use central or initial
rates.
10



4.23. Note that we are potentially applying the claimesaacross a relatively long period of
exposure, perhaps from 1988 to 2002. The earlieatsythough have very little
exposure and few (if any) of the claims diagnosethat time will have delays to
settlement sufficiently long to bring them into teepected settled claims in 1999-
2002. In the initial application we are not rollibgck in force data prior to 1/1/1993.

4.24. The methodology does not easily cater for varyhmg ¢laim rates by calendar year,
except in a very simplistic manner such as assuthieg increase by% each year.
This is because the expected settled claims in-2092 arise from diagnoses in a
range of years. To illustrate this, suppose a gaedrof claim rates is a perfect fit to
the overall experience during the investigatioriquerso that overall we have an A/E
of 100%. Compare this to a situation where diagnhoates increased during the
period from, say 95% of the base table in the gzaly of the period to 105% in the
latter part: in this situation, there will be fewstpected settled claims in 1999-2002
from the early years, but more from the latter gedris could still result in an
overall A/E of 100%.

Claim delays

4.25. Applying claim rates to the exposure produces ebgokediagnosed claims at each age
and duration for each calendar year within our kel investigation period. We
then need to make an assumption about how lorakéstfor claims to be settled in
order to convert these expected diagnosed claitaeikpected settled claims.

4.26.The estimation of the underlying delay distributfioom the actual settled claims in
1999-2002 was detailed in section 5.5 of Workingd?al4 and illustrated in Figure
4 (reproduced below). The delay patterns showrecethe cumulative proportion of
claims settled by the end of each period from ctamiegnosed during month O
(rather than claims diagnosed at the start of mojith

Cumulative % Settled

100%
90%
80%
70%
60%
50%
40% .

= Underlying
Observed
30%
20%

10%

0%
Diagnosis 0 1 2 3 4 5 8 11 14 17 23 29 35 41 47 53 59
Delay (Curtate months ; non-linear scale)
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4.27.

4.28.

4.29.

4.30.

4.31.

Note that both the observed and underlying claitaydeurves were derived from the
1999-2002 settled claims where offices providechlibe date of diagnosis and the
date of settlement. In using either delay distidoutwe are therefore making an
assumption that this distribution is also apprdprigor use with the significant

minority of claims where we do not have both datesparticular, the useable data
for this analysis comes from only a subset of efficin the full experience

investigation, so we are assuming that the deldatenaexhibited by these offices
applies equally to the other offices.

Note also that there was very little data with |a®jays to settlement, so the 1999-
2002 data did not provide us with a reliable b&sisestimating the underlying claim
delay distribution in this area. Our approach wesdfore to use the actual data for
claim delays only up to 5 years. Beyond that powg,used a simple extrapolation in
Working Paper 14. A slightly different approach haen used beyond 5 years in our
initial application, as detailed in section 4.37 .

We have used the same underlying claim delay bigtan in our current and

previous work. In particular, in our initial appiton of the methodology, we have
made the simplifying assumption that the same cldetay distribution can be

applied to all subsets of the data, although waataonsider this to be realistic. This
is the main area where further work is required.

In applying claim delays to move from expected da@sged claims to expected settled
claims, we also need to give consideration to thes duration and calendar year at
the date of settlement. A sophisticated approacthi®o would be to consider the
exposure on a daily basis, and thereby to deripeced diagnosed claims per day.
These would then be projected forward to settlenoané daily basis, allowing for
changes in age and duration based on the actual afatbirth and date of
commencement (or estimated dates, where the chsesfrom synthetic exposure).

For the purposes of our initial application of thevised methodology, we have
adopted a simpler approach. We have notionallydsvbled the exposure generated
by the start in force and the end in force into segments: consider a single policy
in force at age X and duration T at 1/1/2000. teinains in force throughout 2000, it
will then feature in the in force data at 1/1/208tlage X+1 and duration T+1.
Ordinarily using a census method would generat®@gx@ from that policy in 2000
of Y2-year at (X,T) and %-year at (X+1,T+1), bothwdfich would be assumed to
relate to mid-2000. For this policy, our calculatiof the amount of exposure is
unchanged, but the ¥2-year at (X,T) is assumedlateréo £' April 2000 and the %2-
year at (X+1,T+1) is assumed to relate toCictober 2000. The difference between
these approaches is illustrated below:
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“Ordinary” treatment of exposure using a censusimoe:

In Force at
1/1/2001

In Force at
1/1/2000

In Force at
1/1/1999

Exposure = % (IF @ Exposure =% (IF @

1/1/1999 + IF @
1/1/2000) centred
on 1/7/1999

1/1/2000 + IF @
1/1/2001) centred
on 1/7/2000

Treatment of exposure in our initial application:

In Force at
1/1/1999

In Force at
1/1/2000

In Force at
1/1/2001

Exposure = %2 IF

Exposure =% IF

Exposure = %2 IF

@ 1/1/1999 @ 1/1/2000 @ 1/1/2000 @ 1/1/2001
centred on centred on centred on centred on
1/4/1999 1/10/1999 1/4/2000 1/10/2000

Exposure =% IF

4.32.We believe that this “split” approach is a bettgpr@ximation to the true underlying
situation for this initial application than the s@mtional census approach, where the
exposure at a given age and duration is centretteomiddle of the year, given that
the growth in critical illness business during {e&tended) period of exposure will
have distorted the exposure by duration. This abaiply best illustrated by means of
a simplistic example:

« Suppose an office launched a critical illness pebaun ' January 1997 and
sold 1000 policies in the middle of every monthréadter and that there are
no lapses.

* The in force data at 1/1/1998 will consist of 1®0@olicies with curtate
duration 0, sold during 1997.

* Ordinarily a census approach would attribute 6)d@6years’ exposure to this
business in 1997 centred ot duly, whereas our approach would attribute the
same amount of exposure, but thQctober.

* An exact approach would also attribute 6,000 ldewg’ exposure but to
September.
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The growth during the year is better reflected ly approach in this example,
however for a rigourous application we clearly neegrogress to an exact method of
calculating exposure. Note that the effects of ghodo not simply affect the first
year, nor just duration O experience, but recusughout the period, as the duration 1
exposure will be similarly weighted towards the enfd1998, and likewise the
duration 2 exposure in 1999, etc.

4.33.This assumption is likely to have a material effectthe experience by duration and
we do not consider that the results produced wibhininitial application by duration
will necessarily be reliable and that further waskrequired to more accurately
calculate exposure. This is considered furtheeatisn 8.

4.34.We now consider how the application of claim delags affected by our
unconventional treatment of exposure. Within thel@Mwitical lliness investigation
we have customarily grouped results by age neareksturtate duration. In our initial
application, exposure at age X nearest and cudatation T in calendar year Y
consists of:
Y% IRty centred on % April with an assumed age of X+% and an assumed
duration of T+%; and
Y IFx 1.v+1 centred on 3 October with an assumed age of X-% and an assumed
duration of T+%a.

4.35.The impact of these assumptions is that of the ardediagnosed claims at age X
nearest and curtate duration T in calendar yeagnégated from the start in force:
* Claims settled within 3 months are assumed to bkedet ages between
X+Y4 and X+Y%, i.e. at age nearest X; at duratioritevden T+% and T+1,
i.e. at curtate duration T; and still within them@ant calendar year, Y. Hence
they are estimated to be settled at X, T,Y.
Similarly:
* Claims settled from 3 to 9 months are estimatdukteettled at X+1,T+1,Y;
 Claims settled from 9 to 15 months are estimatedbé¢o settled at
X+1,T+1,Y+1,
 Claims settled from 15 to 21 months are estimaedbé settled at
X+2,T+2,Y+1;
etc

4.36. The expected diagnosed claims generated from théndorce are spread as follows:
e Claims settled within 3 months are assumed to tikedat X, T,Y
e Claims settled from 3 to 9 months are assumed &etiked at X, T,Y+1
e Claims settled from 9 to 15 months are assumed doseéttled at
X+1,T+1,Y+1
e Claims settled from 15 to 21 months are assumedsdosettled at
X+1,T+1,Y+2, etc

4.37.The figures used for the proportion of claims settht the required number of
months after diagnosis from the distribution ilraséd in Working Paper 14 are:

Month 3] 9] 15| 21| 27| 33| 39| 454 51| 57| 63
Cumulative

Percentage 39.4| 71.2| 83.5| 86.8| 89.8| 92.4| 94.4| 95.7| 96.7| 97.5| 97.8
Settled
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The rates are then linearly interpolated to 100%Patonths, after which we assume
no further claims will be settled.

4.38.As noted in section 3.14 we have not undertakenatltitional step of estimating

5.2.

5.3.

5.4.

claim rates at diagnosis in our initial application

RESULTSOF THE INITIAL APPLICATION

. In this section, we set out the results of using thethodology on the all causes

experience on a lives basis for full acceleratiositess in 1999-2002. Results were
sent to member offices in May 2005, at the same tam Working Paper 14 was
published, but have not previously been made madelyavailable.

As previously noted, these critical illness resalisnpared actual settled claims with
expected diagnosed claims. Working Paper 14 prdvidetable of indicative
grossing-up factors that varied by growth in expéatlaims, to attempt to correct the
under-statement arising from the mis-match betwegyosure and claims. For the
1999-2002 ‘All Office’ experience we estimated averall grossing-up factor of
15%.

Results for our initial application of the revisegthodology are shown in Appendix
B for males and Appendix C for females, as desdribe5.4 below. Comments on
some of the features of the results are containdde remaining paragraphs of this
section.

The results in Appendices B and C are set outdoldmns, as follows:

» Actual Settled Claims (ASC). These are the claiha bffices advised to
the CMI as settled during 1999-2002 (or the parthat period for which
they contributed data). Although in total theseidemtical to the number of
claims included in the results released in May 2@0&ir categorisation by
age and duration differs. The released results agedcand duration at date
of diagnosis (or at our estimate of that date) wherhere they are
categorised by age and duration at date of settie(oe at mid-year, if the
CMI was only advised of year of settlement).

» Expected Diagnosed Claims (EDC). These are thesl#hat we expect to
be diagnosed during 1999-2002 using CIBT93 to taleuthe expected.
Note that these numbers are not identical to thosiee released results, as
we have now used a slightly different measure gfosure, but without
altering the claim rates from CIBT93.

e 100 x Actual Settled Claims / Expected Diagnosea@irt$. This is
effectively the comparison that we have providedhe released results,
except for the revisions to age and duration arekpmsure noted above.

» Expected Settled Claims (ESC). These are the clthatswe expect to be
settled during 1999-2002 using our revised methmglolto calculate the
historical exposure, CIBT93 to calculate the exgectiagnosed claims, and
the Working Paper 14 claim delay distribution @ngform the claims from
diagnosed to settled.

e 100 x Actual Settled Claims / Expected Settled @i This is the
comparison generated by our revised methodology.
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5.5.

5.6.

5.7.

5.8.

5.9.

5.10.

5.11.

As shorthand, we refer to the values of 100 x Actettled Claims / Expected
Settled Claims as “realistic” results in the foliog paragraphs, and to values of 100
x Actual Settled Claims / Expected Diagnosed Claassraw” results, noting that
these differ from the results that were sent to b@moffices.

The first point to note is that the realistic résudignificantly exceed the raw results.
This is to be expected. The overall level of inese# around 16%, which is very
close to the grossing-up factor of 15% that we hareéiously indicated. This small

difference is discussed further in section 7.7 fmte that these two figures are not
strictly comparable. We therefore believe that, ralle the revised methodology

produces a realistic representation of true expeee

The percentage differential between the realiggults and the raw results is very
similar between males and females and between mokess and smokers. This is
unsurprising given that:

* As noted in section 2.14, we believe that the diffiéials will largely reflect
growth in expected claims and this will be closetyrelated between the
four categories; and

» The differentials will also depend on the claimayetiistribution and, in our
initial application of the methodology, we have ribtferentiated claim
delays by gender or by smoker status. We belieaedhuse of claim is a
significant determinant of claim delays and, ofrse cause of claim differs
by gender and, probably, by smoker status.

There is however considerable variation by duratimudeed probably the most
striking feature of these results is that the rasults appear to considerably under-
state experience at duration 0. This is true tauahmesser extent at durations 1 and
2, and the differences between the raw resultsltandealistic results at durations 3, 4
and 5+ are relatively small.

It is important to note that this is again basedtlmm assumption of a single delay
distribution. This may not hold true and, in partar, one might intuitively expect

that claims diagnosed at very short durations W@l scrutinised with particular

rigour, and hence delays to settlement will be éndhis would have the effect of

reducing the realistic results at short duraticaasd(increasing the results at other
durations). Furthermore it is based on a censutodedf calculating exposure, as
described in section 4.33, which will distort tlesults by duration and especially the
results at duration 0 compared to an exact caloulat

It should also be noted that the apparent laclelgicsion (either positive or negative)
in the realistic results says nothing directly abine shape of the select effect in the
underlying claim rates. Claim diagnosis rates aation O impact on expected settled
claims at other durations too, and we have notuyetertaken the further step of
deriving claim rates outlined in section 3.14.

The percentage differentials by age show considielags variation.
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6.2.

6.3.

SENSITIVITIESIN THE RESULTS

In this section we consider tests of the sensjtivit these results to some of the
assumptions considered in sections 3 and 4. Adon@mount of sensitivity testing
has been undertaken to date and further testioteasly required before we would
adopt the revised methodology, however we did n@hwo delay giving the
Profession the opportunity to review and commentherrevised methodology.

A number of the assumptions covered in section lateesolely to our initial
application of the revised methodology. These Wil reviewed, and revised as
appropriate, before we attempt to use the methggialo produce reliable results.
Hence our focus in this section is on illustratthg sensitivity of the results to the
key assumptions in section 3.

The results of the tests are shown in the formraplgs in Appendices D and E. In
each case these graphs compare the expected sddiled in 1999-2002 using the
revised assumption to the equivalent number usiegotiginal assumption, by age
band and duration. These tests have been condantgast the male non-smoker
data.

Off rate

6.4.

6.5.

6.6.

6.7.

6.8.

The first assumption we consider is the off rateciwiwe introduced in sections 3.5
to 3.7. This is required in order to produce thetisgtic in force data that we need to
generate exposure in the years before the invéstigaeriod because we do not have
access to actual data in those years.

We do not expect variations in the off rate to gige to significant differences in the
results, as explained in sections 4.11 to 4.13wmutecognise that this may not be
immediately obvious.

As noted in section 4.13, our current best estirfatéhis assumption is 9% p.a. and
we have not varied this for any subsets of thefglart although the methodology is
not reliant on a single assumption. If further gsisl of the data indicates that
smokers have higher off rates than non-smokers,ekample, then differential

assumptions can be used for these categories ofelsgsas we are currently rolling
back the known in force and estimating the synthietiforce separately for smokers
and non-smokers. Similarly differences between saled females or by age and
duration can easily be accommodated within theseglimethodology.

Initially, we have tested the sensitivity of theuls to different assumptions that are
still applied across-the-board. The results of gigesumptions of 5% p.a. and 20%
p.a. are illustrated in Appendix D.

A lower off rate means less synthetic exposuregefesxpected diagnosed claims and
hence fewer expected settled claims. Reducing theat® from 9% to 5% reduces
the expected settled claims in 1999-2002 by leas 5% for all ages and all
durations combined. The reduction rises with daraéind is greatest (around 1%) for
durations 5+. There is no reduction at all for dora0, because of our assumption
within this initial application that the 1/1/199& iforce only generates claim
diagnoses at 1/4/1998 with an exact duration ob.0Allowing for delays in
settlement therefore means that any claim settletbB9 (or later) is necessarily at
curtate duration 1 (or higher) at the date of egtédnt. Using a more accurate method
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of calculating exposure would mean that the dunafisesults would differ when the
off rate is varied, but only to a marginal extaiie expect the general conclusion that
the impact of a lower off rate has a greater etfeetionger the duration will still hold
true.

6.9. For all durations combined, the impact of redudimg off rate is lowest at younger
ages and increases with age, however there is hibvious variation by age at
specific durations.

6.10. Increasing the off rate from 9% to 20% increasesetkpected settled claims by 1.6%
for all ages and all durations combined. The ineedses with duration and is
greatest (around 3%) for durations 5+. Again, themo change at all for duration 0O,
because of our other assumptions. Likewise, fadwdations combined, the impact of
increasing the off rate is lowest at younger agekiacreases with age.

6.11. These tests demonstrate that the results arevedlatnsensitive to a change in the
overall level of off rate assumed. However, itlsoamportant to consider the impact
of variations in the shape of underlying off ratiesthis paper we consider just one
variation, where the off rate varies by duratiahfa@lows: 15% at duration 0, 12.5%
at duration 1, 10% at duration 2, 7.5% at duraBor6% at duration 4 and 5% at
durations 5 and over.

6.12. This is broadly consistent during 1999-2002 witl timiform rate of 9% used above.
The impact of the amended structure of off rate® isnply higher overall off rates
during the years before 1999, as increasing wesghitven to the shorter durations in
the early days of the critical illness product.

6.13. Overall, the expected settled claims increase $tyJul% as a result of the substantial
re-shaping of the off rate by duration. The imparies by duration as follows:

e At duration 0, the expected settled claims remaiohanged due to the
other assumptions in this initial application ok thevised methodology
(although even with a more accurate calculationew@ect little sensitivity
here);

» At durations 5+, the expected settled claims redlibes arises because for
these claims, the reductions in the off rate agéordurations have greater
impact than the increases at shorter durations; and

* For durations 1 to 4, the balance between the aserén off rates at short
durations and the reduction at longer duratiornthis sensitivity test serves
to increase the expected settled claims with thatgst effect at duration 3.

6.14. By age, the effect of re-shaping the off rate isntrease the expected settled claims
most at younger ages, reflecting the weight ofrmess to shorter durations.

6.15. We believe that the results of these tests denainsthe lack of sensitivity in the
expected settled claims to the off rate and thiat ¢bnsitivity is greatly outweighed
by the beneficial aspects of the methodology ingatang the shape and level of the
exposure in prior years.

Claim delay distribution
6.16. The other sensitivity considered here is the viaraih results arising from the use of
different claim delay distributions. We considerstla key assumption within the
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revised methodology and, unlike the sensitivityhe off rates discussed above, we
expect the results of our revised methodology tmashonsiderable variation to the
assumed distribution. Indeed we anticipate that amsthodology will require
assumptions of the claim delay distribution, eitagplicitly (as with a chain ladder
or this revised methodology) or implicitly (as irogsing-up factors).

6.17. Two alternative claim delay distributions are ithaéed graphically in Appendix E,
which also contains graphs illustrating the resoltssarying the distribution. The
figures used for the proportion of claims settledaious months after diagnosis for
these alternative distributions, analogous to teet@ut in section 4.37, are:

Month 3 9] 15 21| 27| 33 39 45| 51| 57| 63

Cumulative

Base | 39.471.2| 83.5 86.8| 89.8| 92.4] 94.4) 95.7| 96.7| 97.5/ 97.8

Percentage

Shorter 54.3| 80.4| 90.5| 93.5| 96.6| 99.3| 100.0

Settled

Longer| 24.4| 62.0] 76.5| 80.4| 83.9/ 87.0] 89.4] 90.9] 92.1| 93.1] 93.6

As noted previously, the rates for the base assampte then linearly interpolated
to 100% at 69 months, after which we assume nadurtlaims will be settled. For
simplicity, the rates for the “longer delays” sceos have also been linearly
interpolated to 100% at 69 months

6.18. As can be seen from Appendix E, the effect of vayyihe claim delay distribution
has a substantial impact on the expected settieoh€lat duration 0. This is because
of an asymmetry by duration:

If claim delays are shorter, more of the expecteyribsed claims at
duration O are expected to be settled with theateiduration at settlement
equal to zero.

At other durations the effect is less significdfdr example at duration 2,
the shorter delay distribution means that fewerinda diagnosed at
durations 0 and 1 are expected to be settled atidar2, but this is more
than offset by an increase in claims diagnoseduaatibn 2 not being
delayed to durations 3+ at settlement.

At durations 5+, the effect of the shorter claimagtedistribution is to
reduce the expected settled claims as this causesataims to be settled at
shorter durations. As we are not separating thiegoay further in this
analysis, no additional claims arise at duratiohdrdm using the shorter
delays.

6.19. The net effect of using the shorter claim delayrihstion is to increase the overall
expected settled claims by 2.6%, as the numbeettéed claims brought back, from
2003 or later, into the investigation period excettee number dropping out from the
start of the investigation period.

6.20. Unsurprisingly, using the longer claim delay distition has the opposite effect, with
the expected settled claims at duration 0 redusuigstantially and considerably less
variation occurring at other durations. The nee@fiof using this longer claim delay
distribution is to reduce the overall expectedlsgttlaims by around 9% as many
more claims would be delayed in settlement untD@r later (particularly for
durations 5+ at settlement).
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7.1

7.2

7.3.

7.4,

7.5.

USING THE REVISED METHODOL OGY

As noted in section 1.6, the methodology has beseldped for pragmatic reasons
and it is unlikely that it would have been cons@tefrom a theoretical perspective.
Nor would we suggest the methodology is necessaajpropriate in other
circumstances, for example where data is avail@bknable more direct calculation
of actual rates of diagnosed claims. In this sactve explain the rationale behind the
development of this methodology, compare its owtpuith those from our previous
methodology and consider the future use and dexedapof the methodology

We believe that the approach we propose has méstrevdates of diagnosis are
unknown for a significant proportion of claims, anence there is uncertainty over
which of the actual settled claims in a periodastial diagnosed claims in that same
period and which relate to earlier periods. Thisesessary information for a chain
ladder or similar method to be used. The approashdiso been developed with the
following data characteristics in mind:
* Business volumes have increased, so that the sgnttada in earlier years
has less weight compared to the known data in yetars; and
* The claim delay distribution is such that mostrolaiare settled within, say,
2 years so that the expected claims from the easiars have substantially
less weight than those from the later years.
It is these characteristics that mean that thelteesn 1999-2002 are relatively
insensitive to the off rates assumed.

The key concern we had with regard to our previmgethodology of grossing-up

factors was the need to estimate growth in expedtgchs. Whilst some data exists
on new business volumes, for example, that woulddvalis to estimate the growth in

exposure, the growth in expected claims is alsectgtl by the maturing of business,
by age and duration.

Within the revised methodology, we make use of fae that we know age and
duration for the initial in force, and thereforenaase this in rolling back the in force
data. As illustrated in the diagrammatic repredentan Appendix A, much of the
prior year exposure is known, rather than synthatid this applies particularly to the
exposure in the later prior years, which is mokvant to the settled claims in 1999-
2002.

The ClI Committee has previously focussed on the datliagnosis of a claim, but at
a very early stage took a pragmatic decision tecbtlaims according to the year of
settlement. We still believe that the date of dasis is the most appropriate date to
use when measuring experience. However as illestrdiy the table below,
reproduced from Working Paper 14, this focus ifidift to apply in relation to the
1999-2002 data, where we are missing dates of d&agior such a high proportion
of claims:
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7.6.

Number and percentage of total claim records caonitgy each date of claim.
All 1999-2002 claims.

Date submitted by office Number of claims % of clali
Diagnosis 6,649 56%
Notification 9,755 83%
Admission 3,907 33%
Settlement 10,394 88%
Total 11,803 100%

In addition, there is a lack of clarity around thefinition of the “date of diagnosis”.

We have sought to standardise the reporting osdztelaim with the Health Claims

Forum, which published guidance during 2006 in #rea. We are confident that this
will increase consistency of practice in this ai@aclaims settled from 2007, but it
clearly has no impact on earlier years.

Further consideration of grossing-up factors

7.7.

7.8.

7.9.

Whilst we do not anticipate making use of grossipgfactors in future, it is
obviously important to compare the results of teeised methodology with those
reported previously.

As noted in section 2.10, grossing-up factors,escdbed in Working Paper 14, are
defined as the estimated ratio of actual diagnatas to actual settled claims. The
results released to offices have been expressedtaal settled claims divided by
expected diagnosed claims, thus multiplying theltedy a grossing-up factor yields
estimates of actual diagnosed claims divided byeetqul diagnosed claims in the
period in question.

In the revised methodology we first estimate thposxre over an extended period,
and then calculate expected diagnosed claims &rpiriod before applying a claim
delay distribution to arrive at the expected sdtdmims in 1999-2002. In section 5.6
we noted that the ratio of the realistic resultsthe raw results is not strictly
comparable to the grossing-up factor we have pusiyoused. This is because the
comparisons in section 5 are based on experienaawhs settled in 1999-2002
whereas, as noted above, grossing-up factors seadjust raw results to experience
of claims diagnosed in 1999-2002. Hence the revisethodology and grossing-up
factors relate to slightly different time periodsit we would nevertheless expect the
difference between these to be small. (Indeedetheuld be no difference if the
underlying claim rates and delay distribution anehanged throughout).

7.10. We therefore consider that the results of ourahdpplication corroborate the overall

grossing-up factor that was estimated at 15% fer1899-2002 results. We do not
however consider this grossing-up factor to benikfe, as:
« We intend to develop a more accurate calculatiorexgdosure and the
subsequent timing of expected diagnosed claims;
* We have used the claim delay distribution from WagkPaper 14 to
illustrate the revised methodology but anticipdtis will change following
further analysis.
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7.11.In addition, the grossing-up factors were depenaentassumptions regarding the
growth of business which have been replaced by wisatonsider to be a more
reliable approach, involving rolling back of knownforce data and estimating only
the synthetic element. It is not surprising themefthat we arrive at a different
answer.

Releasing annual results

7.12.As noted previously, the revised methodology presidesults in the form of actual
settled claims divided by expected settled claionsafgiven period. This differs from
our original objective of actual diagnosed claimsidiéd by expected diagnosed
claims, but it brings a distinct advantage. Untitls time as all claims arising in a
particular year are settled, the figure for actdelgnosed claims will remain an
estimate, incorporating an allowance for IBNS, eifeall claims submitted to the
CMI contain a date of diagnosis.

7.13.In contrast, best estimate results in the form afi@ settled claims divided by
expected settled claims can be calculated andsedleas soon as the exposure and
the actual settled claims for that period are knoand may not need subsequent re-
calculation to reflect settled claims in subseqyeats.

7.14.As a result, using the revised methodology enat#eslts from the CMI Critical
lliness investigation to be released to officesimore realistic manner than that in
current use, without the need for delays due tthéuranalysis. Such results would
assume the underlying claim delay distribution hesiained constant and this
assumption clearly needs to be tested over timaieder this, and other analysis, can
be undertaken without holding up the release otiahresults to offices.

Dates of diagnosis

7.15.Whilst we believe that our revised methodology nsakmod use of the data
available, there is one aspect of the data whichoisfully utilised, namely the
(known) dates of diagnosis. These are used to atithe claim delay distribution,
but not otherwise.

7.16.We would prefer greater utilisation of known datésliagnosis, however this is not
straightforward given that we do not believe iteasonable to assume the unknown
dates are distributed consistently with the knowates, as different growth rates are
likely to underlie the different categories of ofei.

7.17.0ne possible approach to making greater use okribe/n dates of diagnosis is to
reverse the part of the methodology described atige 3.11. Instead of calculating
the expected diagnosed claims and using the clafayddistribution to decide
whether or not the claim is expected to be setliathg the investigation period, an
alternative approach would be to:

» Allocate the claims with a known date of diagndsigheir correct year of
diagnosis;

* For the claims where the date of diagnosis is unknaise the underlying
claim delay distribution, weighted by the estimakestorical exposure, to
allocate the claim to the various years of diagsiosi

e Ignore claims with an estimated or actual diagnadide before the
investigation period; and
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* Apply a conventional IBNS adjustment to allow ftwetclaims diagnosed
during the investigation period that have yet tsétled.

7.18.We have yet to investigate this approach thoroughhlyould lead us to an estimate

8.2.

8.3.

8.4.

8.5.

8.6.

of actual diagnosed claims divided by expectedrbagd claims for the investigation
period, as we desire. It would however sacrifieedkfinitive aspect of annual results
noted above, in that the IBNS allowance would bened as further information
becomes available over time. We may therefore caleclthat these approaches
should be considered in parallel. We welcome contsnemn this alternative approach
and suggestions for other adaptations to the metbgy to utilise the known dates
of diagnosis more fully.

FURTHER WORK

. We would welcome feedback on the revised methogotiscribed in this paper.

Indeed we have deliberately produced this papethat intermediate stage to
encourage input which may influence the directibthe further work now planned.

We believe that the development outlined in thipgpas a significant and positive
step forward in separating the two key assumptiondicit in grossing-up factors
and providing a more accurate way of estimating gh@wvth in expected claims,
especially for subsets of the data. It has howéigdlighted the need to undertake
further analysis of claim delays to which the finaults will prove sensitive. In the
initial application described above we have simydgd the rates previously derived
in Working Paper 14 and applied these throughohis Turther analysis is our top
priority.

Initial work using GLM techniques has indicatedtttize key factors in determining
claim delays are cause of claim and office, butiwenot regard our initial analysis as
conclusive in terms of demonstrating that duratorbenefit amounts, for example,
are not also significant factors. We therefore wersit appropriate to complete
further analysis of claim delays before we seekpply the methodology further or
more accurately.

We have begun investigating ways to fit a parametrodel of claim delays and we

believe such a model would provide substantial fiesnén particular the use of a

parametric model may enable us to investigate ctietays where data volumes are
too low to be used reliably in the methodologieseligped to date. In addition, we

expect to have a similar number of settled claim2003-2005 as for 1999-2002,
with a steadily increasing proportion of claims twiboth diagnosis date and
settlement date recorded, so the volume of datdableto analyse has increased
significantly.

It is also worth noting that the need for relialoslaim delay distributions is not
peculiar to our methodology and was implicit witlgrossing-up factors. It would
also be required by a chain ladder-type approach.

The second area of development required in relatoorihe methodology is to
calculate exposure more accurately, using an exathod based on actual date of
commencement, where known. Whilst this is unlikéty affect overall claims
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8.7.

8.8.

9.2.

9.3.

experience significantly, we anticipate it will leeg material impact on the exposure
and hence the experience at duration 0. As a resullo not consider the results of
our initial application to be reliable in this regp. This necessitates a more
sophisticated implementation of the methodologyntiveas used in the initial
application, which was undertaken in spreadshesetedon grouped data.

Having completed these two areas of developmemethee a number of areas of
further work to which we are keen to apply the rodtiiogy:

* Analysis of more recent data, from 2003 to 2005esEhadditional years
contain substantial volumes of data as well asighog an insight on more
recent experience.

* Amounts experience. The analysis above has coesidsnly experience on
a lives basis.

* Our initial application considers how experienceaies by age, gender,
smoker status and duration. Other factors whichnveg analyse include
sales channel, product type, benefit amount, comemant year and
office.

* Analysis by cause of claim. We are particularlyrkée analyse experience
for the main causes of claim, which may then stargive useful insights
into variations in experience over time and inte dffects of selection.

Finally, we intend to use the methodology to geteectaim rates, as noted in section
3.14, which could be graduated to produce a puidigable.

REQUEST FOR FEEDBACK

. Feedback on this methodology is welcomed by the.®NHase e-mail any feedback,

by 30 September 2007, ¢a@cmib.org.uk

After feedback has been received and evaluatedaagpdchecessary revisions have
been made, it is our intention to apply the furtthevelopment of this methodology to
the experience for 2003 and 2004 and, if all dais lteen received, 2005. Provided
we do not encounter significant hurdles in the sialof the claim delay distribution
we hope to be able to complete and report on thik Wwefore the end of 2007.

Views on the relative priorities of the various gsas outlined in section 8 — and
indeed ideas for other work — are also welcomed.
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Appendix A: A pictorial representation of the revised methodology

Note: this appendix is included for illustrativerpases only. The numbers relate to male non-
smokers in submission group 1

1. The approach starts with the known in force dat&/{999 to 1/1/2003):

In Force at 1st January

600,000

400,000

B Known

200,000

0 ) ) ) ) ) )

5> M P H LD O D DD
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SIS S G U S

2. From the known in force, we estimate prior yeandarce data:
part of this is a roll-back of known data (inclugiadjusted age and duration);
and
part is an estimate of the business that wentefffre data was submitted to the
CMI (termed “synthetic” data)

In Force at 1st January

600,000
400,000
B Synthetic
HKnown
200,000
0 A
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3. From the estimated exposure in each year we c#dcebgpected diagnosed claims in
each year (at each age and duration) using CIBTB8. graph below indicates which
claims are generated from “known” exposure and vfriom “synthetic” exposure.

Expected diagnosed claims in year

2,000
’ B Synthetic
1000 B Known
0_
S N> P O A RO O N A D N
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CHRCHIC R EC IS AR M i

4. From the estimated diagnosed claims in each yeastimate settled claims in each year
(at each adjusted age and duration) using an asisciaien delay distribution. The graph
below indicates which of the settled claims areegated from known exposure and
which from synthetic exposure.

Expected settled claims in year

2,000
’ B Synthetic
1000 B Known
0_
S N> P O A RO O N A O N
97 D D7 D O D PO L L QL
SECECES RS S
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Note that:

« The expected settled claims in the early yearsuader-stated, as we have not
rolled back the in force to years before 1/1/1988] hence do not have expected
diagnosed claims for years prior to 1993.

« The expected settled claims in the years after 200also under-stated, as there
will be settled claims arising from diagnosed claim 2003 and later that we
have not estimated.

« Claims to be settled after 2004 are not shownergttaph.

« Claims settled in 1999-2002 that are attributablsynthetic exposure may not be
clearly visible. For example of 1,063 expectedlasgttlaims in 1999, only 18
arise from synthetic exposure.

5. We then compare actual settled claims in 1999-2008 expected settled claims in
1999-2002 to provide a measure of the experiedagwe to CIBT93, using the assumed
claim delay distribution:

Actual v Expected settled claims in year

2,000
| B Actual
1,000 B Expected
0_
5 > P O A RO ODDD D >
N P L D DO QL
SIS SRR

6. If desired, we can then amend our assumed claies iiat Step 3, above, iteratively in
order to derive a set of diagnosed claim rates.
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Appendix B: Malecritical illness experience by age and duration

Full Acceleration business; Lives basis; All Cau@esl. mortality); 1999-2002; Expected based oBT93
and Working Paper 14 delay pattern (for ExpecteatesieClaims)

Non-Smokers Smokers

Actual | Expected 100 Expected | 100 Actual Expected 100 Expected | 100

Settled | Diagnosed | ASC/ Settled ASC/ | Settled Diagnosed | ASC/ Settled ASC/

Claims | Claims EDC Claims ESC Claims Claims EDC Claims ESC

(ASC) | (EDC) (ESC) (ASC) (EDC) (ESC)
Duration O
<30 96 320.8 30 173.3 55 46 105.6 44 56.9 81
31-40 171 720.0 24 385.5 44 86 226.7 38 121.1 71
41-50 132 785.0 17 418.5 32 113 217.8 52 116.8 97
51-60 96 568.2 17 304.5 32 72 132.0 55 71.0 101
61+ 18 58.0 31 31.3 58 2 8.8 23 4.8 42
All 513 2,452.0 21 1,313.0 39 319 690.9 46 370.1 86
Duration 1
<30 109 218.0 50 190.1 57 30 67.0 45 59.6 50
31-40 228 559.0 41 477.3 48 120 166.1 72 144.8 83
41-50 203 614.5 33 524.4 39 129 165.8 78 143.9 9(
51-60 164 485.5 34 415.6 39 87 112.3 77 97.7 89
61+ 20 61.8 32 53.7 37 4 10.3 39 9.0 44
All 724 1,938.8 37 1,661.1 44 370 521.5 71 454.5 81
Duration 2
<30 65 149.0 44 142.5 46 20 43.1 46 42.0 48
31-40 195 448.0 44 415.8 47 81 125.4 65 118.8 69
41-50 179 490.5 36 455.7 39 103 127.5 81 120.y 8%
51-60 163 393.4 41 369.7 44 77 90.8 85 87.1 88
61+ 21 60.0 35 57.5 37 9 10.1 89 9.8 92
All 623 1,541.0 40 1,441.2 43 290 396.9 73 378.5 77
Duration 3
<30 68 99.4 68 100.9 67 20 27.7 72 28.7 70
31-40 143 370.2 39 360.6 40 70 98.6 71 98.2 71
41-50 182 414.6 44 403.9 45 100 104.1 96 103.1 97
51-60 146 331.4 44 327.6 45 65 76.0 85 76.5 85
61+ 25 51.9 48 53.5 47 5 9.8 51 10.0 50
All 564 1,267.5 44 1,246.6 45 260 316.2 82 316.4 82
Duration 4
<30 39 62.6 62 65.0 60 11 16.6 66 17.6 62
31-40 137 301.1 45 297.1 46 68 76.7 89 77.3 88
41-50 122 359.2 34 352.4 35 60 85.2 70 85.4 70
51-60 125 289.7 43 288.5 43 67 64.2 104 65.5 10p
61+ 17 43.7 39 45.8 37 5 8.1 62 8.5 59
All 440 1,056.3 42 1,048.8 42 211 250.8 84 254.4 83
Duration 5+
<30 39 65.6 59 71.2 55 9 15.1 60 16.8 54
31-40 305 607.6 50 620.0 49 71 137.9 51 143.6 44
41-50 488 980.3 50 997.8 49 185 197.2 94 204.4 91
51-60 456 937.1 49 970.4 47 154 172.1 89 179.y 86
61+ 109 176.8 62 196.4 55 23 23.3 99 26.5 87
All 1,397 2,767.3 50 2,855.9 49 442 545.6 81 571.0 77
All durations
<30 416 915.3 45 743.0 56 136 275.1 49 221.6 62
31-40 1,179 3,005.9 39 2,556.5 46 496 831.4 59 703/4 783
41-50 1,306 3,644.1 36 3,152.7 41 690 897.6 76 77319 9B
51-60 1,150 3,005.4 38 2,676.4 43 522 647.4 79 5775 95
61+ 210 452.3 46 438.2 48 48 70.3 65 68.6 75
All 4,261 11,023.0 39 9,566.7 45 1,892 2,721.9 70 2,345.0 81
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Appendix C: Femalecritical illness experience by age and duration

Full Acceleration business; Lives basis; All Cau@esl. mortality); 1999-2002; Expected based oBT93
and Working Paper 14 delay pattern (for ExpecteatesieClaims)

Non-Smokers Smokers

Actual Expected 100 Expected | 100 Actual Expected 100 Expected 100

Settled Diagnosed ASC/ | Settled ASC/ | Settled Diagnosed ASC/ | Settled ASC/

Claims Claims EDC Claims ESC Claims Claims EDC | Claims ESC

(ASC) (EDC) (ESC) (ASC) (EDC) (ESC)
Duration O
<30 60 273.2 22 147.4 41 20 67.7 30 36.4 55
31-40 158 568.2 28 303.6 52 41 135.7 30 72.5 87
41-50 123 503.0 24 268.2 46 33 123.6 27 66.1 50
51-60 72 261.4 28 139.5 52 23 57.7 40 31.1 74
61+ 3 18.0 17 9.6 31 0 2.9 0 1.6 0
All 416 1,623.9 26 868.4 48 117 387.6 30 207.6 56
Duration 1
<30 81 191.6 42 164.8 49 20 45.0 44 39.3 51
31-40 205 443.1 46 378.2 54 59 100.5 59 87.0 68
41-50 182 398.3 46 340.8 53 53 95.9 55 83.0 64
51-60 97 225.1 43 194.0 50 31 50.4 62 43.9 71
61+ 2 19.0 11 16.3 12 4 3.3 122 2.9 139
All 567 1,277.1 44 1,094.1 52 167 295.0 57 256.1 65
Duration 2
<30 71 134.5 53 126.3 56 21 30.5 69 29.1 72
31-40 192 357.8 54 331.8 58 39 76.6 51 72.3 54
41-50 180 322.3 56 299.9 60 52 73.7 71 69.6 75
51-60 95 187.4 51 176.9 54 28 41.6 67 39.9 70
61+ 10 18.4 54 17.6 57 4 2.9 13y 2.9 137
All 548 1,020.4 54 952.6 58 144 225.3 64 213.8 67
Duration 3
<30 39 93.3 42 92.5 42 9 20.7 44 20.9 43
31-40 147 299.2 49 291.1 50 31 61.0 51 60.4 51
41-50 130 275.5 a7 269.0 48 39 60.2 6% 59.7 65
51-60 72 159.3 45 158.7 45 29 35.7 81 35.8 g1
61+ 9 16.1 56 16.7 54 1 2.6 38 2.7 36
All 397 843.3 47 828.0 48 109 180.2 60 179.5 61
Duration 4
<30 31 61.7 50 62.3 50 8 13.1 61 13.5 59
31-40 142 247.2 57 2435 58 21 48.9 43 49.0 43
41-50 134 238.2 56 235.1 57 42 49.6 85 49.7 g4
51-60 52 138.9 37 139.6 37 16 30.5 52 31.1 51
61+ 5 14.3 35 14.8 34 0 2.3 0 2.5 0
All 364 700.3 52 695.3 52 87 144.5 60 145.8 60
Duration 5+
<30 43 67.9 63 71.4 60 10 13.3 7" 14.2 70
31-40 310 514.8 60 524.7 59 67 88.9 7% 92.4 73
41-50 325 626.6 52 641.9 51 89 111.8 80 116.1 17
51-60 259 415.8 62 435.9 59 76 81.0 94 85.6 89
61+ 28 58.8 48 65.0 43 13 7.7 170 8.9 147
All 965 1,683.8 57 1,738.9 55 255 302.6 84 317.1 80
All durations
<30 325 822.1 40 664.6 49 88 190.2 49 153.5 62
31-40 1,154 2,430.2 47 2,072.9 56 258 511.6 g9 433.6 73
41-50 1,074 2,363.8 45 2,055.0 52 308 514.8 16 444D 93
51-60 647 1,388.1 47 1,244.7 52 203 296.9 79 267.8 05
61+ 57 144.6 39 140.0 41 22 21.7 6% 21.4 75
All 3,257 7,148.8 46 6,177.1 53 879 1,535.3 57 1,320.0 67
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Appendix D: Sensitivity tests on off rates

Using a uniform off rate of 5%

Sensitivity test using a 5% Off Rate versus the base assumption of 9%
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Using a uniform off rate of 20%

Sensitivity test using a 20% Off Rate versus the base assumption of 9%
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Using an off rate that varies by duration

Sensitivity test using an Off Rate varying by duration
versus the base assumption of 9%
0: 15%, 1: 12.5%, 2: 10%, 3: 7.5%, 4: 6%, 5+: 5%
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In each case these graphs compare the expectit] sgetims in 1999-2002 using the revised
assumption to the equivalent number using thermlgissumption, by age band and by duration.

These tests have been conducted on just the malemoker dataset.
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Appendix E: Sensitivity testson the claim delay distribution

The claim delay distribution derived in Working Rapl4 has been used for the initial
application of the revised methodology, except @ttisn 6 of the paper where different
distributions, illustrated in the graph below, héeen used as sensitivity tests:

Claim Delay Distributions for Sensitivity Analyses
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Using a shorter delay distribution.

Sensitivity test using a shorter claim delay distribution
versus the base distribution from WP14
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Using alonger delay distribution.

Sensitivity test using a longer claim delay distribution
versus the base distribution from WP14
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In each case these graphs compare the expectit] sgetims in 1999-2002 using the revised
assumption to the equivalent number using thermlgissumption, by age band and by duration.

These tests have been conducted on just the malemoker dataset.
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