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Abstract

To address the valuation of lifetime cancer insurance policies, this article provides an
analytical solution for the fair premium. The premium increase is a result of a continuous
increase in the incidence of cancer, especially in the younger generation. The continued
treatment rate and the medical cost increases with age. From 1998 to 2003, the maximum
difference premium cost reached nearly 60 percent for males and 35 percent for females.
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ENALE  0.3275 0.3262 - -
$EhE  0.3036 - - -

FriBERAR

5 HE 6 h - RN FEFEERERIE | FnFROBEEY - FE—20R4E
FTERR ARG B, - Fiil —FRYGHRREIR SR 3 B3R 4 55— FAVAEER - 15
TEB > FFf—FAA R R E I FUNE - IR | FHERER R IE R SR AR R -
FTAEE RS EE - RiMEMRLER - AR ANBGEFER - (R TE DL EGR
REEBEAE R - DCEBERE - LM Z 5 e m iR a5t
R | R AEAMHEIRCR - FRF MR ZR T LEL 525 - RETERER - It
SR INEAFRIMER Y RE 2 -

P9~ R R RS R S A R

Foat FAGERE R A » BRIBESR AR - BIRERIVFAEIGER - TR0 e
BRAVBRSH - ASTRATE Pk - IRIBERE AR ERNEWEIE R ER - #RE
KRB ERE A HEEEIN > 2013 FAIRE R EE 1625 (8T - HBR 2012 F£HY
1558 {BJT > #8067 (BIT - MEABRZHT > BERBEEEG LR > 2013 F£E
KA B 8 P B E ST R F 627 (BT - S EAREHRIRSZHEY 38% » 55 B E)
PRERF L 2015 FEHEE B & 1 B RS RE IR B 2k - St ERREREAE ~ W Th
fa A RIEARGER RIIIR - 8 EHFREE BRRnEY - ERERNERH L
Tt o IRIBEASCA FE BB E (R VSR FETT 04T RHRER TR B SCH I Il oy« AR
(Frequency) B2 (Severity) o SR i E R B HIFTR2 B - TR R R E R - — 2K
FIRHIE A - FHEFE RN 7E DO B SRR AR - AR R B BRI e s
EHE > GERE BRI E PYRIE RS - ASGREHSIE R 8 —FREFTR2RE - [t —F
REAEF TR R EIREER AL - IR IR B R IZ BEPTR2 A Ia I - Rl RER = B (T E
TR ZREEM T2 KRB - ER R —FE ZBEMTR2 REHIBR U E RN T ¢
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i &

SEREERE F27 5528 0

P (f£ t & » BBIER & —F ZRBIEFTR2 x X)) =
t FEHY . — 2 ERERHITRZ x KA A B )
t FE0F - BRIEFTR2AURLE2 AL

F 7 B 8 Sy BIEEL IR 1996 28 2011 4 - — IR REBURAET TR - HR
KBS 0 HIEREAR 3 - FIRe KB E A W H =B ro,iReE - Kt - 75 DUEE 73 B

HFIR2 REGEITEET 7 - LA FIFERE R - PIR2 K8 IRYE =R h (L BER 1

Il

Mo BCHIFE LA o FEEAREITERE - BRI KRB - TR R

EERAC /GAN N7 3 (N

] 7 1996 F 2011 BY—FEEAEMZ RABMLFKETR®

BREE TR B A I 8
1996 9.38 8.91 1.74 6.17 6
1997 9.76 9.11 1.72 6.06 6
1998 10.01 9.22 1.64 5.70 6
1999 10.31 9.40 1.60 5.52 7
2000 11.07 9.66 1.49 5.06 7
2001 11.43 9.69 1.42 4.88 8
2002 11.84 9.82 1.40 4.77 8
2003 12.00 9.97 1.40 4.72 8
2004 12.52 10.17 1.32 4.41 9
2005 12.49 10.15 1.31 4.38 9
2006 12.60 10.14 1.31 4.40 9
2007 12.66 10.14 1.33 4.45 9
2008 13.03 10.31 1.28 4.29 9
2009 13.09 10.35 1.29 4.26 9
2010 13.05 10.36 1.28 4.24 9
2011 13.09 10.35 1.29 4.25 9

7 AR B - RSB ER -

8

AWFFER BRI - BOE MRS R Ay 1 LIRFy 50 - [KEFIE2 R 20E - R/ ME R (E
BRER - O EBRABGILET R -
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#5 3y RE AR R X AT

3% 8 1996 F 2011 LM —FEEFIRZ RBFULFET R

BREE 8 R TREE (B35 OB
1996 8.64 8.18 1.80 6.78 6
1997 9.02 8.40 1.78 6.63 6
1998 9.34 8.49 1.71 6.31 6
1999 9.64 8.66 1.66 6.07 7
2000 10.41 8.91 1.55 5.61 7
2001 10.67 9.04 1.54 5.55 8
2002 10.86 9.19 1.53 543 8
2003 10.67 9.18 1.58 5.56 7
2004 11.16 9.44 1.49 5.17 8
2005 11.08 9.44 1.48 5.12 8
2006 11.22 9.46 1.46 5.03 8
2007 11.27 9.47 1.49 5.16 8
2008 11.65 9.69 1.45 4.93 8
2009 11.58 9.65 1.47 5.02 8
2010 11.63 9.70 1.46 4.95 8
2011 11.72 9.74 1.45 4.88 8

& 4 EilfE 5 Fon B IEE A ELE 1996 F£E 2011 FE—FEFI2 B L REO A - BEERK
IR o LR 1996 SR 2011 R — T2 R BB - M n] BB I %
HIERZ REEERM - fEMERZE o Em B IR 1996 FF — RFIZ2 IR
0.1672 » &= AR ZCTETR 1996 FF/ — K2 HIHE=R 0.1598 « 22 2011 15 » FEE 5
HE—RFIZHIBEHE 0.0690 @ IR Z BB — K PIR2HIHEEE 0.0766 < FRAMT AT %
W BN E - RFIRER T RRE LR S - BB —F B R
TEES ELZ R BRER - [FIRF NG e B E 1 - B B 2 B i ek © -

FRAEZR (Frequency) Yb » ASCEHE TR BRI R E R - Bl EEREY
FIRe S - BHER R — RIS I ER R T ¢

P (f£ t - BIERE— KPR RARGIHEN R xJT) =
t FERF - PRE R R —RPTReR S ET & R x TTHYREL ©)
t FEHF - JREFTR2 A REL

9 FoRAIDUEERL HA WAy o iFt FIRe RO e -
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BEREHERE F27 £%2S 0

S —FEEFIZ KB

0.18
0.16
1996 1997 1998 1999
0.14 [+
\ 2000 2001 ——2002 ——2003
0.12
\ 2004 2005 2006 2007
w01
2008 2009 2010 2011
E 08 | N
0.06
0.04
0.02
0
1 3 5 7 9 1113 15 17 19 21 23 25 27 29 31 33 35 37 39 41 43 45 47 49
—FPIEZRE
41996 F 2011 BM—FEEMIZ I E D ED
22— FEFEAEME2 R B B
0.18
0.16
1996 1997 1998 1999
0.14
012 2000 2001 —=2002 —=—=2003
0.1 2004 2005 2006 2007
*’g 0.08 H 2008 2009 2010 2011
0.06
0.04
0.02
0

1 3 5 7 9 11131517 19 21 23 25 27 29 31 33 35 37 39 4143 45 47 49
—FFIEZRE

51996 E 2011 E—FEEIEPIZZXE S EC
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5 31 5 9 AR IR 2 FHAR

AR BB FHE T RS ETE AR 0 AUEREDR 0 JoiH ~ fRIREET R 1 5
1,000 7T *° BYEFEERy 1,000 TCAH ~ 1,001 TCE] 2,000 TCHYEFEE R 2,000 ToAH -+ - FHAA LR
S # 100,000 TCLA BIE A » ARSCGRF LB LR B R 100,000 TTAH -

72 0 Bi5E 10 R BEMEE MR 1996 F£2E 2011 4F - —ZBEFIR2 B Aot st 2 -
A RRE AN 0 HIEREARTA 3 @ IiEFT2 8 A 20 A fm A s iR e - Ktk » 77 2A
S ECEHRIE MRS B R TG - A R E R - SEIgREiE R0 & FY s
UEFZSZAFIGNN - A7 BAERFAE 1,000 7T - BUR K2 BUwiER T2 8 F S HH A2 H2 1,000 7T -
[FIRF S FC AT =B AN K o LSRR BIRY - BIEREAEFTR2 & A S i 221 - 14 5%
FAFEIEF T2 B R 4 B B /)N -

3} 9 1996 E 2011 SHE—REAEFIZEARGLFET R

BegE FHE B TREE IR FRZEL
1996 2,927.72 7,090.33 6.93 65.90 1,000
1997 2,839.07 7,207.02 7.39 73.32 1,000
1998 2,906.33 7,485.36 7.46 73.65 1,000
1999 3,103.87 8,037.46 7.1 65.86 1,000
2000 3,253.00 8,338.20 6.95 63.25 1,000
2001 3,290.84 8,266.86 6.87 62.99 1,000
2002 3,550.81 8,890.06 6.60 57.51 1,000
2003 3,799.55 9,517.83 6.44 53.57 1,000
2004 3,900.15 9,982.60 6.44 52.36 1,000
2005 4,105.27 10,689.77 6.14 47.01 1,000
2006 4,299.68 11,202.25 5.86 42.51 1,000
2007 4,629.94 11,978.53 5.51 37.29 1,000
2008 4,789.06 12,192.31 5.32 35.10 1,000
2009 5,002.65 12,606.31 5.13 32.61 1,000
2010 5,160.12 13,025.00 5.00 30.89 1,000
2011 5,368.65 13,354.04 4.84 29.00 1,000

10 fECRE R Z B SR R B - BRSO ERY B IR 28 - BB aFE R FTAE - 2
SRR -
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% 10 1996 £ 2011 ZE—

EABERE &

XA PIR2 B AR R

27 A% 2S A

BREE 8 RAEE TRRE [E3-H FRAIE
1996 2,527.43 6,232.78 8.39 97.18 1,000
1997 2,571.38 6,881.81 8.10 86.77 1,000
1998 2,631.90 7,365.48 8.00 81.96 1,000
1999 2,796.69 7,592.00 7.51 73.48 1,000
2000 2,891.51 7,582.38 7.32 71.40 1,000
2001 2,894.07 7,426.13 7.26 71.76 1,000
2002 3,172.79 8,118.68 6.80 62.10 1,000
2003 3,491.76 8,925.93 6.44 54.39 1,000
2004 3,510.40 9,151.53 6.56 55.57 1,000
2005 3,736.05 9,896.48 6.13 47.98 1,000
2006 3,932.85 10,455.26 5.79 42.49 1,000
2007 4,196.71 11,069.91 5.45 37.61 1,000
2008 4,452.39 11,519.74 5.19 34.35 1,000
2009 4,590.63 11,876.02 5.05 32.36 1,000
2010 4,900.00 12,674.43 4.75 28.38 1,000
2011 5,173.37 13,122.16 4.56 26.25 1,000

& 6 EilE 7 o5k

HAZZMEAE 1996 FE 2 2011 HF— BB RERY
RARBIEF LG - NEmffE MR - SBEFEER—
*Eﬁ o PR A [ B
0.5164 > BSAKFA 22/ 0.5293 » 2011 SR B M —

1996 £ 5B 4 —

B 0.5051 » BEAKFAZCMERY 0.5397 » 3B R 2B

11

1996 % 2011 =5 M El 20—

/}\FT“F'%J‘%%?E%W%{&EG% P o
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ZE MR - B

Rzt fr et & H o il F
RF92 R &5 E R 1,000 7T HY B R
R R ST E R Ry 1,000 TCHYBESR
RFFFZIEE RS AR B v -

TIEREFIRe 2 Z B « (HEiE 16.53 2 35.93 » Rk



5 31 5 9 AR IR 2 FHAR

BMEFE—XEEMZERANE
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—FMZER

71996 E 2011 X4 BFE—REEMZER S

B REEERE
EFRER AR ERFEGER  BIEMT2 KB EM T2 8 H FE N R
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BEREHERE F27 £%2S 0

iEE - AEHREER R E A o ANETE Jo I R i — Fakae K E e — K IR2 B Y 73
FC IR B ORI (B - 1 B PR B G R -

— ~ BIALHIEA

FEFENER B — TR K — R IR2E AR BRI A - FIRe REEAFTR2E A =
R H BRI - Al - AR RZE MAZEL (ZTPO) ~ RZF & IH/ L (ZTNB)
ELZE 7B (Geo) @ IR =M ECEFTR2 KRB FTRo B R BCHY 2 R IERCEE Y
AL - [E 8 23 0-30 5% BIEMTRe KBELFIR2E A Bl 2 MIRAE R  HRIE 8 b - P2
RE R EGIREF R ZIH A > R0 > FIRERR = irERAR®RD - Rk
i Ik =T oy P B U n B R HSE & - KBTI A B R (U 5H{E (MLE) ~ AIC £
BIC % —=f@ iR = BOR s & 1% - R R SR 11 Bk 12 -

F 1Bk 12 R GwA—EEAER > HIER =M% RFEA A
TP BCHE 0-30 5% * HEFIR2 R EEAFTR2 8 Fl .2 70 B RO B R 25 (R R Hoth R R 70 B - AT
AWge - LEZ A IHD A - MURREFT . ZFRYE -

BRI O E 08I B BRAIR R E0E —RFIRIE)
: ; : 5 1 : : :

e _
: £TE " EHSHE :
[ o - |

EHFT)

8 1996 £F 0-30 5% BHEFIL R BURFIZ E A 2 HESAIR

12 AT E A LA ok BN HETT 4 BO NG -

13 ASTEERMT R 0-30 5%~ 31-60 BREE 61 BRLL E=#H - FHR =RHEANAENAY 22 A K - [EIREARE
BIRTFSE SR IRAEE - HEE 23 1996 4F 0-30 BREYSHOHIEAE 5 -

14 HHRRIEIFEESH AL ELEE R A2 A K o FIREASEE R AE SR IREE - I DAEZ & ZIESRlr
P s P e - W B 0-30 BREE M2 43 e FLisef B -
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2 3 9 9 AR e 2 AR

3+ 111996 ZE 2011 £ 0-30 B B MM X B 2 DB LEERER ©

| MLE AlC BIC
FE ZTNB ZTPO Geo ZTNB  ZTPO Geo ZTNB  ZTPO Geo

1996 -10,720.3 -11,229.4 -20,643.1 21,4445 22,460.9 41,288.2 21,456.8 22,467.0 41,294.3
1997 -10,417.4 -11,133.2 -21,536.8 20,838.8 22,268.5 43,075.7 20,851.2 22,274.6 43,081.8
1998 -10,665.0 -11,241.5 -20,978.9 21,333.9 22,484.9 41,959.8 21,346.2 22,491.1 41,965.9
1999 -11,514.9 -12,077.2 -23,356.3 23,033.8 24,156.5 46,714.6 23,046.2 24,162.7 46,720.8
2000 -12,047.8 -12,555.2 -23,945.2 24,099.6 25,112.4 47,8925 24,112.0 25,118.6 47,898.7
2001 -12,678.4 -13,152.9 -24,514.5 25,360.7 26,307.8 49,031.0 25,373.3 26,314.1 49,037.2
2002 -13,717.5 -14,177.6 -26,250.3 27,439.1 28,357.3 52,502.6 27,451.8 28,363.6 52,508.9
2003 -14,702.1 -15,180.3 -28,988.1 29,408.1 30,362.6 57,978.2 29,420.9 30,369.0 57,984.6
2004 -15,756.0 -16,262.8 -31,066.1 31,516.0 32,527.7 62,134.2 31,528.9 32,534.1 62,140.6
2005 -16,071.3 -16,606.5 -31,880.7 32,146.6 33,214.9 63,763.3 32,159.6 33,221.4 63,769.8
2006 -16,492.8 -17,029.5 -32,241.6 32,989.6 34,061.1 64,485.3 33,002.6 34,067.6 64,491.8
2007 -16,759.8 -17,281.7 -32,572.2 33,523.7 34,565.5 65,146.4 33,536.7 34,572.0 65,152.9
2008 -17,473.5 -17,989.2 -34,404.6 34,951.0 35,980.4 68,811.2 34,964.1 35,987.0 68,817.8
2009 -17,658.7 -18,186.7 -34,408.5 35,321.4 36,375.3 68,819.0 35,334.6 36,381.9 68,825.5
2010 -17,784.2 -18,309.9 -33,941.3 35,572.3 36,621.9 67,884.6 35,585.5 36,628.5 67,891.1
2011 -17,960.4 -18,517.2 -34,280.9 35,924.9 37,036.3 68,563.7 35,938.1 37,042.9 68,570.3

3} 12 1996 = 2011 F 0-30 BB UPIZE A 2 D ECLEERER

= MLE AlC BIC
FE ZTNB ZTPO Geo ZTNB  ZTPO Geo ZTNB  ZTPO Geo

1996 -66,321 -87,146 -190,487 132,645 174,295 380,977 132,662 174,303 380,985
1997 -53,765 -73,499 -133,441 107,534 147,000 266,884 107,551 147,008 266,893
1998 -57,368 -79,501 -142,875 114,739 159,004 285,753 114,756 159,013 285,761
1999 -65,977 -90,959 -170,516 131,957 181,919 341,034 131,974 181,928 341,043
2000 -72,052 -99,234 -178,117 144,108 198,469 356,236 144,125 198,478 356,244
2001 -75,004 -104,879 -187,726 150,012 209,761 375,454 150,030 209,769 375,463
2002 -82,866 -117,189 -225,762 165,735 234,380 451,526 165,753 234,389 451,535
2003 -94,042 -132,018 -268,964 188,088 264,039 537,930 188,106 264,048 537,939
2004 -101,955 -143,596 -301,656 203,914 287,193 603,314 203,932 287,202 603,323
2005 -105,925 -151,913 -355,097 211,854 303,828 710,196 211,872 303,837 710,205
2006 -110,333 -159,694 -404,409 220,669 319,390 808,820 220,687 319,399 808,829
2007 -113,236 -164,570 -434,776 226,476 329,143 869,553 226,494 329,152 869,562
2008 -117,588 -173,067 -459,396 235,181 346,136 918,794 235,199 346,145 918,803
2009 -116,221 -173,330 -464,366 232,447 346,662 928,734 232,465 346,671 928,743
2010 -122,194 -180,873 -504,632 244,392 361,748 1009,265 244,410 361,757 1,009,275
2011 -118,003 -173,861 -504,322 236,010 347,724 1008,647 236,028 347,733 1,008,656

15 MLE {E#UA#E - AIC B BIC {E#U/NEEE -
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SEREERE F27 5528 0

- REHA
AR DL N RER A B S R e R
RE%— : fREE SR EERAT

(R AT R MO AR R B I
B AR TR (R L B A IE R

(%« — e TR X By BBl — JORRERG (] 73 BC (R e 380
fRIE Bl fEEs - B RRE R R E TR B A (7)

C(0) = E[Pf X Bf(T) + px X P x Bf(T — 1) + X1, e "¢V x ,p, x

(I1(21(1 = PX)) x P¥ X BE(T — )] @
Hrp o x s LR Ry x 3K

T friEfa M RE CARSCREEG 2] 100 5% - B T=100—x)
D, ¢ X BRASHERBE A TEREE x + t BRAUBEE  Wt=10F - p =p

C(0) : ffRE

P x RIS E R REE A - 1 x + ¢ BRI TR R

BE(T —t) : x pRIEE REIIH RS A - 16 x + ¢ BB » 2 100 BRAVEEE R E
r PR

B (7) 2B EMBARYE s 52 i - AT R A= (8) ¢

C(0) = Py x E[(BI (T))] + px X P’ X E[(Bf (T — 1))]

> []
+ ) e x mx< u—+¥ﬂxPXXEKB%T—OH
t=2 t i=1 t t

s E[(BET — )] WA PR B 20 IO RIS IR E « PRI SR ARBRLAE 2
MBI A TR HE PE AR p o RAS (8) T ME[(BE(T - )] %5
ohatih -

PR B TS R SRR L E[(BF (T — )| RTRpk At 0) 411

100—x—t 100—x—t
E[(B¥(T-0)]=E zzyﬂ%ﬁwﬂz §:€”¢NMWM
i=1

= ©)

100—x—t —7i NI xtt
— —X= - 7 L
= Li=1 e tky (DE [ijl R;; ]
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#5595 AR I 2 SFA

Hep o Mg 2 R x BRIBERBIVHRIBE A - 16 x + ¢ BRIENEER - 28 i FFRuREER 1
x|

N Ry x BB E RBEHRIE A - 76 x + ¢ BRIEIEIR © 58§ FRUFTR2 R

RITE Ok x BRI E R IIWECRER A - 76 x + ¢ BRTBNETR » 56 § 554 j P

XN
= =
ASEEENF T EARY T AT A T IHS AL - M HIBEERAE BRI X (Probability Generating

Function) PMgi(z) AIERTUAE ¢

_ Xt

—xft _ X+t Yi2
(1-mfte-) (14 g .
1-p5f 1 —(1+pr)

1-(1+E?+t)_ygt
i,2

1—(1+ijt)_yﬁrt

(10)

PMgfi(Z) =

HA(BA v ) b x + ¢ BT - 5B i EFIRRBINGTY 92 (B vE )
X+ BRI 5 EFIR B (RE) B2 8 - ARSI ERAE KRB IEE - AR (9) T
E[ME]aIZe7a0F -

+t px+t. x+t px+t
}/iYyl Bi,l V;.Z ’Bi,Z

(1-Gur ﬁﬂt)—y;ﬁf)((ﬁ ﬁgt)—yzf;‘) (11)

E[M7] = Plye (1) -

ReAE (1) REIAR (9) BRI SRS % B2 R EE[(BF (T — v)] - H
FFAF(9) RIEIAF (8) - AIAIRIGHE S ERBRRI RS -

h~ BUEDHT
ASCEMRTRETRIANE - BB EERBRAIRE - ETEED T - AEI R 2 {#
By o BRI ORI | FRRIERR - BERE R KBELEEM T2 8 FE R B
=l © ETZ2EUER - B SRR S RIE R IIIRE -

i
(=) #8iFoyibfhk
K] 2004 £F B 58 2 R O SR - (S ISRV HEA - (R AT A

16 &R 0-30 5% ~ 31-60 5%E 61 BRDAE=FH
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SEREERE F27 5528 0

FHETE AR PDE I DL ERYEREST 28 EET - (SETEIE Ry 1998 F£E] 2003 F-HYHA
RIFFEVERER o ASZEIEE 1998 £ 2003 F-fH 5B 1B 20 14 =l kH nO BA R RA e o -
TamB 2~ FHGARIFHAE A REERES 2 2 HUR N - 2 R A FH R R B pR R (5 AR F
TR o RURIHMFHEIARER SN 1- PR CERaR AR » JECEa IR
FETERAEML - HARTSE T 2R & DU Lognormal 43 FifhEt » A %52#EE LA 1-Lognormal
53 HO Y SRR B R A (AR R B R T 2 BUEET - (ET o BCRE T -

Inx—pu

1—-F(x;u0)= 1—%[1+erf( o )],erf(x) =%f:e‘t2dt (12)

R 2HAFRERATT £ 13 -

3 13 1998 £ 2003 HAEFE GBEER 2 2B hEHER
Bix
1998 1999 2000 2001 2002 2003
FHe u= o= u= o= u= o= u= o= u= o= u= o=
0~30 0.3965 2.4531 0.5582 2.4640 0.7718 2.1574 1.1173 2.2535 1.1285 2.1524 1.0218 2.1455
31~60 0.3530 2.2701 0.3893 2.3060 0.5578 2.1467 0.5583 2.2200 0.6283 2.1977 0.6651 2.0095
61~ 0.0917 1.8489 0.1641 1.8149 0.2473 1.7643 0.2296 1.8069 0.3150 1.7882 0.3310 1.6454
=it
1998 1999 2000 2001 2002 2003
FEe u= o= u= o= u= o= u= o= u= o= u= o=
0~30 1.0027 2.7224 1.0721 2.7927 1.3990 2.3502 1.7700 2.5080 1.8206 2.3168 1.5358 2.1874
31~60 1.6920 2.2540 1.6593 2.1277 1.8169 2.0094 1.9585 2.1730 1.9208 2.1043 1.8008 1.8888
61~ 0.4430 1.8681 0.4833 1.8392 0.5181 1.8758 0.5198 1.8756 1.9208 2.1043 0.6035 1.5861

(=) —FEEFZTRHK
PRI PUE Y R E% > A BT & 18 75 Bl 2 #8RH 8 s L (Probability Mass
Function) #1728 {451 - RFE IHSECIMRE EREATT -

=ty L LD

1+B

(13)
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5 31 5 9 AR IR 2 FHAR

stepe=1,2,3, 0 (YT ) o g5 0 Hy > 0 SOOI

1996 FFE] 2011 4 » FHRA0FE 14 Bil5R 15 - [AFK 14 > BHEFTR2REZ gl y HUR228E 7
FewkiE 4 ~ 7% 9 HiZR 14 - IRAMZEIAFEREAIRGE - SEIERREIEM « P ET, - 5
Be A mAR R - S BoBUm B 23 N B Be B Z FEIEFEE Tk » (F28BpRET y -
T+ RIEB N JEERZ ZEIE IS N o LE R RIFEES ERERF - 0-30 BRIREFIY 28
iR RN - BRI R R B 1B IR TR N - IO R B e iE I FE AR L
oo PLERER 15 B15R 14 MEFIR2 K2 B E)I5 I - R EiEE R/ - KEESH

® 14 B 1996 £ F 2011 F—FPIRIXB 2B Rkt

FHR
HARS 0~30 31~60 61~ 0~30 31~60 61~
y B
1996 0.1882 0.5054 0.4919 26.6876 15.4723 13.0406
1997 0.0931 0.5863 0.5849 29.3041 14.6365 12.1716
1998 0.1352 0.6702 0.5731 30.6125 14.0124 12.7989
1999 0.2476 0.7314 0.5864 25.4966 13.8210 13.5228
2000 0.3394 0.7884 0.7559 21.8401 13.8632 11.5416
2001 0.3475 0.8348 0.8059 22.9586 13.4043 11.7105
2002 0.5655 0.8506 0.8630 15.2232 13.5374 11.4417
2003 0.5007 0.8810 0.9078 19.1544 13.5688 10.7903
2004 0.4852 0.8591 0.8952 19.8342 14.5980 11.7075
2005 0.4909 0.8688 0.8807 19.4600 14.1327 12.1474
2006 0.5700 0.9995 0.9637 16.7425 12.5414 11.4218
2007 0.6137 1.0422 1.0615 15.7275 12.0058 10.3133
2008 0.6285 1.0713 1.0757 16.3099 12.0699 10.5579
2009 0.6748 1.0848 1.0961 14.5897 12.2405 10.4240
2010 0.6202 1.0435 1.1033 17.7179 12.5328 10.3359
2011 0.7202 1.0469 1.1229 13.8370 12.6865 10.2732

17 B RsNEZ8L (Scale Parameter) S RCEAMTEIE - B A FOR S ECEUIEIZHEIN < » FeIZiRZ2 8L
(Shape Parameter) 528 CEIE ZBEMTZRE - y B {EFOR D ECEIE Z FEETE B -
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3 15 4 1996 &£ E 2011 F—FPIRRH 2 BB hET

e
HARS 0~30 31~60 61~ 0~30 31~60 61~
y B

1996 0.2738 0.6666 0.5562 17.4215 10.3564 11.6883
1997 0.2372 0.8356 0.6688 16.5887 9.2137 10.5193
1998 0.4732 0.8963 0.7162 12.6182 9.2895 10.1830
1999 0.4103 0.8371 0.6373 15.0832 10.0932 11.8970
2000 0.6948 0.9876 0.8161 12.0158 9.5492 10.5796
2001 0.7286 1.0753 0.8476 11.2760 9.1429 10.6649
2002 0.7392 1.0514 0.9163 11.5233 9.6300 9.9807
2003 0.7867 1.0733 0.9304 10.7190 9.2850 9.6843
2004 0.6754 0.9606 0.8975 12.9277 10.5314 10.8262
2005 0.7579 0.9365 0.8907 10.7644 10.7295 10.7962
2006 0.8872 1.0154 0.9428 9.6716 10.2151 10.3784
2007 0.8852 0.9979 0.9642 9.7182 10.3255 10.2604
2008 0.7333 1.0672 0.9527 12.5522 10.0624 10.8857
2009 0.7710 1.0589 1.0124 11.6453 9.9139 10.0399
2010 0.7938 1.0432 1.0524 11.8979 9.9284 9.7926
2011 0.7910 1.0327 1.0448 11.2905 10.4382 10.1387

(Z) ~RBEFIZTBEETR

MRIZFETUEI ARG - FIEAHEAZF & ZH S Bl ERE ERECE T 28G5 - 2
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EBHZ pEHLy 28 LR 6 B13% 16 - RSB EARE - FIR2BEE 20
fRERHE AR (28 B B y RSB ENIE R - BRI T 2B R A -
Pesm R A RS RS - 2GS R B g S By BUEAYIR S > ERTRER L
FHiE - SRR H L o PSR 17 #2155 16 - MR B R E 2 B8RS
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} 16 B4 1996 E 2011 FE—API2ERBERA 22 BAET

b=
HAR 0~30 31~60 61~ 0~30 31~60 61~
Y B

1996 1.67E-04 1.47E-04 7.13E-05 4.1078 3.0617 4.2696
1997 9.27E-05 3.17E-05 1.37E-04 2.5716 2.6863 3.9975
1998 9.79E-05 1.14E-04 1.52E-04 2.3006 2.7031 4.2709
1999 3.14E-05 5.14E-05 8.36E-05 2.3844 2.8562 4.8058
2000 4.22E-05 5.38E-05 1.67E-04 2.3294 2.7494 4.9823
2001 3.04E-05 1.47E-04 4.28E-05 2.1213 2.5499 4.9054
2002 5.09E-05 1.18E-05 4.78E-05 2.0757 2.7050 5.3187
2003 4.53E-05 1.26E-05 9.83E-06 2.2600 2.9977 5.7984
2004 1.03E-04 1.24E-04 1.15E-04 2.2796 2.9788 5.5572
2005 1.51E-04 7.87E-05 3.91E-05 2.2896 2.8863 5.2481
2006 1.41E-04 4.49E-05 1.53E-04 2.3550 2.9402 5.4143
2007 1.06E-05 6.64E-05 8.41E-05 2.3952 2.9258 5.3530
2008 4.26E-04 1.65E-04 3.27E-07 2.1989 3.0972 5.5362
2009 3.90E-05 1.54E-05 1.12E-05 2.1101 3.1401 5.4096
2010 1.46E-04 1.02E-04 1.79E-05 2.1972 3.1669 4.9497
2011 4.13E-05 1.78E-04 3.50E-05 2.3420 3.3876 5.4461

+ 17 T 1996 E 2011 F— X2 BEERA 228 &5t

FHR
HARS 0~30 31~60 61~ 0~30 31~60 61~
y B

1996 3.04E-02 7.70E-02 2.32E-01 2.9043 2.6663 2.2438
1997 1.67E-04 1.73E-04 1.52E-01 2.3939 2.5513 2.2246
1998 3.60E-07 4.82E-05 2.11E-01 2.1646 2.5326 2.0916
1999 1.24E-04 9.52E-05 3.80E-01 2.1160 2.6914 1.8225
2000 1.37E-04 2.64E-05 2.56E-01 2.0662 2.6163 2.2327
2001 1.61E-04 1.50E-04 5.23E-02 1.8532 2.4184 3.1998
2002 1.34E-04 3.16E-05 9.58E-02 1.8607 2.4983 3.2661
2003 6.23E-05 1.66E-04 1.52E-01 1.9704 2.8517 3.2982
2004 3.54E-05 1.22E-04 1.11E-01 1.7998 2.6673 3.4668
2005 2.02E-06 9.82E-06 7.03E-02 1.7324 2.5665 3.5938
2006 5.34E-05 8.60E-05 4.88E-02 1.8077 2.5101 3.8884
2007 2.68E-04 8.64E-05 3.27E-05 1.7814 2.5278 4.5101
2008 2.30E-05 2.77E-06 7.66E-05 1.7334 2.5620 4.6343
2009 3.72E-05 9.29E-06 1.60E-05 1.7339 2.5396 4.5563
2010 1.86E-04 8.60E-05 4.36E-06 1.7416 2.4954 4.3349
2011 6.75E-05 4.68E-05 3.21E-05 1.8243 2.6290 4.6658
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Summary

Cancer is one of the leading causes of death in many countries. With the help of
preventative healthcare and improvements in treatment, the mortality rate of non-cancer
diseases such as cardiovascular diseases, which are on the list of leading causes of death,
have significantly reduced over the past years. Therefore, cancer has, or will soon, become
the leading cause of death in many countries.

Since 1982, cancer has been the disease that causes the most deaths in Taiwan, and
morbidity from cancer has increased to over 60% in the last decade. It is generally known
that cancer risk increases with age. As the elderly are most vulnerable to cancer, and the aged
population continues to increase dramatically in many countries, cancer remains a very
important health issue globally. Although health services in all countries try to provide
adequate financial resources to support their healthcare systems, the budgets for cancer
health services are still inadequate in most countries. Even among patients with
comprehensive health insurance policies in developed countries, the financial burden of
cancer treatment can be substantial. Cancer insurance policies are designed as a
supplementary health insurance to reduce the financial burden for patients with the disease.
Traditionally, people use this type of insurance as a risk management approach, mainly to
hedge against the risk of morbidity of cancer. This type of insurance policy is also marketed
as being for risk management purposes in Taiwan, and claims to considerably reduce the
financial impact for patients with cancer during their treatment. However, the increasing
cancer morbidity has dramatically changed the insurance premium over the last few decades,
and most insurance companies have significantly increased the premiums for cancer
insurance policies. Therefore, this article aims to address the variation in lifetime cancer
insurance policies and provide an analytical solution for a fair premium.

A universal coverage healthcare system sponsored by the government was introduced to
Taiwan in 1995; a system characterized by easy accessibility and low cost. The system also
generates a national health insurance databank, the National Health Insurance Research

Database (NHIRD), for planning and research purposes. Taiwan’s NHIRD is one of the

237



2 3 9 9 AR e 2 AR

largest nationwide population databases in the world, and covers almost all of the 23 million
residents of Taiwan. This study uses data from the NHIRD and evaluates the cancer
morbidity rate, the continued treatment rate and the medical cost. By analyzing the changes
in the frequency and severity of cancer, this study reveals that all the parameters have
increased significantly from 1996 to 2011. In terms of the total number of patients with
cancer, the number of male patients have increased by 284%, from 49,269 in 1996 to
189,413 in 2011, and the number of female patients have increased by 287%, from 56,122 in
1996 to 217,144 in 2011. In terms of physician visits, the average number of visits by male
patients have increased by 39.55%, from 9.38 times per year in 1996 to 13.09 times per year
in 2011, and the average number of visits by female patients have increased by 35.53%, from
8.64 times per year in 1996 to 11.72 times per year in 2011. In addition, the average cost of a
physician visit by a male patient have increased by 83.37%, from 2,927.72 New Taiwan
Dollars (NTDs) per visit in 1996 to 5,368.65 NTDs per visit in 2011, while that of a visit by
a female patient have increased by 104.69%, from 2,527.43 NTDs per visit in 1996 to
5,173.37 NTDs per visit in 2011.

Based on the detailed results of analyses of the cancer frequency and severity data, we
can identify the pattern of cancer incidence in Taiwan in the past decade. The upward trend
of cancer morbidity has significantly increased from 1996 to 2011; regardless of age, gender,
or calendar year. Owing to differences in the types of cancer seen in the different genders,
males and females have differing cancer morbidities during their lifetime. Before the age of
20, males and females have a similar cancer morbidity, while between the ages of 20 and 50,
cancer morbidity in females is higher than in males. However, after the age of 50, the
situation changes, with cancer morbidity in males becoming higher than that in females.
Analysis of treatment rate and continued treatment rate show that these parameters have
different patterns of change with respect to calendar year: the first-year treatment rate has a
significant upward trend from 1998 to 2006 regardless of gender, and the treatment rate in
females is higher than that in males. The continued treatment rate has an upward trend from
1998 to 2001 with respect to the continued treatment period, and the continued treatment rate
in females is more than 50% higher than the continued treatment rate in males. The average
cost of a female patient’s physician visit is lower than that of a male patient.

In health insurance pricing literature, three methods are commonly used to estimate the
cancer premium: the two-part model, the collective risk model, and the Markov process
model. The two-part model has been used extensively to estimate demand responses to

health insurance prices. For example, to model aggregated medical expenditure, the two-part
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model can determine the frequency and cost of medical services (Duan et al., 1983; Keeler
and Rolph, 1988; Mullahy, 1998; Deb and Trivedi, 2002; Frees et al., 2011). The collective
risk model constructs predictions for both the claim number and the claim size in actuarial
mathematics, using compound Poisson processes, mixed Poisson processes, and so forth.
The Markov process model is another technique to price a lifetime disability or medical
insurance (Hoem, 1988; Wolthuis, 2003; Stenberg et al., 2007; D’Amico et al., 2009).
According to the cancer morbidity data and the cost of per physician visit obtained by using
the NHIRD, this study adopts a collective risk model to construct a lifetime cancer insurance
pricing model.

The collective risk model needs to determine the distributions of both claim number and
claim size. In order to fit the data appropriately, we test three discrete type distributions: a
zero-truncated Poisson distribution (ZTPO), a zero-truncated negative binominal distribution
(ZTNB), and a geometric distribution (Geo). Moreover, this study uses maximal likelihood
estimation (MLE) to estimate the parameters of these three discrete type distributions.
Furthermore, in order to deal with the trade-off between the goodness of fit of the
distribution and the complexity of the distribution, we evaluate the Akaike information
criterion (AIC) and the Bayesian information criterion (BIC). From the results of an analysis
comparing the MLE, AIC, and BIC statistics, this study concludes that the ZTNB fits the
cancer morbidity and the cost of per physician visit better than the other two distributions.
Finally, by using the probability generating function of insurance benefit with respect to the
insured’s age, we find the fair premium explicitly.

In conclusion, the findings of this study show that cancer morbidity among the younger
generation has increased greatly from 1996 to 2011, and the average insurance benefit of
patients per physician visit was stable in the last decade. The numerical results also indicate
that the continued treatment rate and the medical cost increases with age, and the older
generation have a higher insurance benefit. In addition, our study demonstrates that the
premium increase is a result of a continuous increase in cancer morbidity, especially in the
younger generation. Furthermore, our study also shows that the maximum difference
premium cost has reached nearly 60 percent for males and 35 percent for females from 1998
to 2003.

239



2 3 9 9 AR e 2 AR

SF R
RIEAE ~ BiGTE ~ A~ BRITEE - B3 - BUEELRER D > 2004 - AT B 2L
FZW5E - DIEREREFHZZERE - 51t > 58 - MERE AR ESEFER

H1.(» © (Liang, Zheng-De, Chiao, Chih-Hua, Juang, Shing-Her, Chen, Bing-Xiong,
Wan, Wen-Zhen, Liu, Bing-Feng, and Wu, Zhan-Zhong. 2004. A Mortality Study
of Cancer Based on the National Health Insurance Research Database. Taipei,
Taiwan: Taiwan Insurance Institute.)

SETERRELRTRIE > 2000 A SFAMERBE R ZEE - B > 623 1 76-119 ° (Lien,
Hung-Ming, and Yue, Ching-Syang. 2000. The actuarial pricing for the whole life
cancer insurance. Insurance Monograph, 62: 76-119.)

S A E B AR R R - 2014 - 2R FECRBE A G 75 ] 50 2 BT 10 K5
JZ¢ > http://www.nhi.gov.tw/Resource/news/639 1040707%e6%96%b0%e8%8 1
%9e%¢e7%a8%bf-%€9%99%84%e4%bb%b6 1 .pdf * = HHH : 2016 £ 4 H 10
H ° (Ministry of Health and Welfare, Health Promotion Administration. 2014.

The effective number of the top ten major illness of the major illness certificate
of National Health Insurance. http://www.nhi.gov.tw/Resource/news/639 10407
07%¢e6%96%b0%e8%81%9¢%e7%a8%bf-%e9%99%84%¢e4%bb%b61.pdf.
Accessed Apr. 10, 2016.)

0 2015 ° 2012 1F #% i & 7 # 7 - http://www.hpa.gov.tw/Pages/ashx/File.
ashx?FilePath=~/File/Attach/2892/File 3646.pdf » f#=HHH: 2016 5£4 H 10 H -
(Ministry of Health and Welfare, Health Promotion Administration. 2014. Cancer

registry annual report, 2012. http://www.hpa.gov.tw/Pages/ashx/File.
ashx?FilePath=~/File/Attach/2892/File 3646.pdf. Accessed Apr. 10, 2016.)

AR LA IR - 2015 » 103 FEFER#E #4574 http://www.mohw.gov.tw/cht/
DOS/DisplayStatisticFile.aspx?d=49775 = HH:2016 4-4 H 10 H (Ministry
of Health and Welfare, Department of Statistics. 2015. The analysis of the cause
of death statistics in 2014. http://www.mohw.gov.tw/cht/DOS/DisplayStatisticFile.
aspx?d=49775. Accessed Apr. 10, 2016.)

Adams, C., Donnelly, C., and Macdonald, A. 2015. The impact of known breast cancer

polygenes on critical illness insurance. Scandinavian Actuarial Journal, 2015 (2):
141-171. doi: 10.1080/03461238.2013.794520
D’Amico, G., Guillen, M., and Manca, R. 2009. Full backward non-homogeneous semi-
Markov processes for disability insurance models: A Catalunya real data
application. Insurance: Mathematics and Economics, 45 (2): 173-179. doi:
10.1016/j.insmatheco0.2009.05.010
240



BEREHERE F27 £%2S 0

Deb, P., and Trivedi, P. K. 2002. The structure of demand for health care: Latent class versus
two-part models. Journal of Health Economics, 21 (4): 601-625. doi: 10.1016/
S0167-6296(02)00008-5

Duan, N., Manning, W. G., Jr., Morris, C. N., and Newhouse, J. P. 1983. A comparison of
alternative models for the demand for medical care. Journal of Business &
Economic Statistics, 1 (2): 115-126. doi: 10.1080/07350015.1983.10509330

Frees, E. W., Gao, J., and Rosenberg, M. A. 2011. Predicting the frequency and amount of
health care expenditures. North American Actuarial Journal, 15 (3): 377-392.
doi: 10.1080/10920277.2011.10597626

Gui, E. H., Lu, B., Macdonald, A., Waters, H., and Wekwete, C. 2006. The genetics of breast
and ovarian cancer III: A new model of family history with insurance applications.
Scandinavian Actuarial Journal, 2006 (6): 338-367. doi: 10.1080/
03461230601026635

Gui, E. H., and Macdonald, A. S. 2002. A Nelson-Aalen estimate of the incidence rates of
early-onset Alzheimer’s disease associated with the Presenilin-1 gene. Astin
Bulletin: The Journal of the IAA, 32 (1): 1-42. doi: 10.2143/AST.32.1.1012

Gutiérrez, C., and Macdonald, A. S. 2003. Adult polycystic kidney disease and critical illness
insurance. North American Actuarial Journal, 7 (2): 93-115.

Hoem, J. M. 1988. The versatility of the Markov chain as a tool in the mathematics of life
insurance. In Transactions of the 23rd International Congress of Actuaries (Vol.
3): 171-202. Ottawa, Canada: International Actuarial Association.

Keeler, E. B., and Rolph, J. E. 1988. The demand for episodes of treatment in the health
insurance experiment. Journal of Health Economics, 7 (4): 337-367. doi: 10.
1016/0167-6296(88)90020-3

Klugman, S. A., Panjer, H. H., and Willmot, G. E. 2012. Loss Models: From Data to
Decisions (4th ed.). New York, NY: John Wiley and Sons.

Macdonald, A. 2004. Huntington’s disease, critical illness insurance and life insurance.
Scandinavian Actuarial Journal, 2004 (4): 279-313. doi: 10.1080/
03461230310016992

Macdonald, A. S., and Mclvor, K. R. 2006. Application of a polygenic model of breast and
ovarian cancer to critical illness insurance. Annals of Actuarial Science, 1 (2):
319-343. doi: 10.1017/S174849950000018X

Macdonald, A. S., Waters, H. R., and Wekwete, C. T. 2003. The genetics of breast and
ovarian cancer II: A model of critical illness insurance. Scandinavian Actuarial
Journal, 2003 (1): 28-50.

241



2 3 9 9 AR e 2 AR

Macdonald, A. S., and Yang, S. Y. 2003. Highly penetrant genetic disorders: An atlas for
critical illness insurance. British Actuarial Journal, 9 (4): 875-901. doi: 10.1017/
S1357321700004396

Migon, H. S., and Moura, F. A. S. 2005. Hierarchical Bayesian collective risk model: An
application to health insurance. Insurance: Mathematics and Economics, 36 (2):
119-135. doi: 10.1016/j.insmatheco.2004.11.006

Mullahy, J. 1998. Much ado about two: Reconsidering retransformation and the two-part
model in health econometrics. Journal of Health Economics, 17 (3): 247-281.
doi: 10.1016/S0167-6296(98)00030-7

Smith, C. 1998. Huntington’ Chorea—A Mathematical Model for Life Insurance. Zurich,
Switzerland: Swiss Re.

Stenberg, F., Manca, R., and Silvestrov, D. 2007. An algorithmic approach to discrete time
non-homogeneous backward semi-Markov reward processes with an application to
disability insurance. Methodology and Computing in Applied Probability, 9 (4):
497-519. doi: 10.1007/s11009-006-9012-4

Tessera, A. 2007. Probabilistic models for medical insurance claims. Applied Stochastic
Models in Business and Industry, 23 (4): 307-317. doi: 10.1002/asmb.673

Wolthuis, H. 2003. Life Insurance Mathematics (The Markovian Model) (2nd ed.).
Amsterdam, Netherlands: IAE, Universiteit van Amsterdam.

Yang, S. Y., Wang, C. W., and Huang, H. C. 2016. The valuation of lifetime health insurance
policies with limited coverage. The Journal of Risk and Insurance, 83 (3): 777-
800. doi: 10.1111/jori.12070

242



SEREERE F27 5528 0

TE& RS
HLES

i[5 Heriot-Watt University f& B EERE 1 - BRUEEI L BOE A SR R\ /S T Bl O g 22 R
B - FEMREERRERE - SRrEmelE - g BRRERERNE - K
FHEpEEE it -

* 15
Btk B R S (R R I BT AR B SRR BT - £
WFYESE R AR - (MR SR AT -

FHEH
BOa RS2 b T B AR I B R b BUEF A S EE S -

1 5 IRk T A A B A4 B A R 2 B A S IRF T P (ki B 2 R B 7 By -
*  E-mail : shangyin@thu.edu.tw.

243



5 31 5 9 AR IR 2 FHAR

244



