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Abstract

Predictive Models for Palliative Care Needs of Advanced Cancer Patients Receiving

Chemotherapy

AT D3 A B DIHFI O HIRRA 7 7 = — F 2 PS5 582 H & 7 DR

Context: Early palliative care is recommended within eight-week of diagnosing advanced cancer.
Although guidelines suggest routine screening to identify cancer patients who could benefit from
palliative care, implementing screening can be challenging due to understaffing and time

constraints.

Objectives: To develop and evaluate machine learning models for predicting specialist palliative
care needs in advanced cancer patients undergoing chemotherapy, and to investigate if predictive

models could substitute screening tools.

Methods: We conducted a retrospective cohort study using supervised machine learning. The
study included patients aged 18 or older, diagnosed with metastatic or stage IV cancer, who
underwent chemotherapy and distress screening at a designated cancer hospital in Japan from
April 1, 2018, to March 31, 2023. Specialist palliative care needs were assessed based on distress
screening scores and expert evaluations. Data sources were hospital's cancer registry, health
claims database, and nursing admission records. The predictive model was developed using

XGBoost, a machine learning algorithm.

Results: Out of the 1878 included patients, 561 were analyzed. Among them, 114 (20.3%)
exhibited needs for specialist palliative care. After under-sampling to address data imbalance, the
models achieved an Area Under the Curve (AUC) of 0.89 with 95.8% sensitivity and a specificity
of 71.9%. After feature selection, the model retained five variables, including the patient-reported

pain score, and showcased an 0.82 AUC.



Conclusion: Our models could forecast specialist palliative care needs for advanced cancer
patients on chemotherapy. Using five variables as predictors could replace screening tools and

has the potential to contribute to earlier palliative care.
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R AT, Bk, BAKEER T, CARY R 7 2 a7, fEHRBES

%

A2 Y —=v 7} 90 HUND ABEEHR L Y ), HHOWE %, Fig 2.& L TR,
2.6. #iaHENT

DIEAEOMBE XY, HMWEN 7 7T=—Fd Y L h-BEE, AL EH
BrEn-BEOERE TR EOR L 2{To%, £/, BIFORZ ) —=v 7/
LA E T L OMREIR D - D 1c, —RIVICH A EF OBEIGEE L ) Do R 7

V—=vZeLTHwoNDE 2 THHD [26 X X [EDFEREE ] coxr)—=v

b WNRIER DA KAFEEEARNIICHONS 4 HHOERAZ YV —=v 7D, IE

2

C

fis, RREE. RUE. RrREEZR L 2, KIEMTICOW T, 20%5 Lo X234 U<

WBRZEHBICOWTIE, KBB4 L 2 HRE R T v X 4Tk (MNAR: Missing Not At

Random) FIREPEA R & HIBT L 2, 20%A Lo KMIZE L CTw 2 E A T RIBO

AEECERBIC A L TPl T VT L 72, RIBE 20% K OLEIT DT,

XGBoost IZHHAIATNTW BT — 2N RIEEZ BEIWICHTT 2T o) X 4

W TRIBHiTEZ1T > 72, XGBoost (ZIRERET AL TH 5720, ZDTLITY XL

RIS 2 0T 2 FE LCHiSES 2 5k TH 5. flicd ., RIBHITETED
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J&PESrHT & LT, scikit-learn @ Tterativelmputer 7 4 77 U % 7= % B AL % it

ca

LCRIBRTERT ) ke, RIBEAGKE 1 20 7TV EKE LTHRAT 2 HET,
ZNZF NS £ 7 L Z{ER L 72 (Supplementary table 1), Iterativelmputer (X, -~
ATV Yy YEHGERRICL Y, oo RIET — £ %2 FHI L T EAAM
FTxITI FiET, BWEEET AL TEH AL T S, fEHENT P 7M€ 7 M REEE,

KABAHZEIC 13 Python 3.10.12 ZfEM L. AE/KHEIX 5% K & L 7z,

2.7. BBWAET AT Y X 2

WrE T e LT, (D) 126 HHORZHIEAET L [ALL-model |, (2) 4IHH
DEFRA 7 Y —= v FFERUAN DA€ T v [NotSCR-model |, (3) fiaH LU D 3
EHH DA 2 ) —=v 7 %S L 72 [NotSCR+Pain-model |, (4) HHAZ V) —=v
TREROBFEAET L [SCR-model |, (5) Z2HOER% D 5 HH DO A L 72 [ Simple-
model | Z{EM L7z, (1) &K AEF ATALL-model |13, HFIWHEN T 7 =— F D
THNCEHG LIS 2 ATRER IR D OZ 2 AL, BWEE 7 VNOZEGER%Z1TS
e, THlREORAKLEHIELZETATH S, Q) 4HHOFRAZ ) —=v 7k
BUMNDZEH A E T v [NotSCR-model ] 1%, EfK < HFMICES & 15 ATaEM: O
KOEFRA 7 ) —=v 7D 4EBZ Rz Lo, EHAEEOEm S Z2HELEZET L
TH2, 3) AL D 3 HHDHRA 2V —=v 7 %Es L7 [NotSCR+Pain-

model] Tix, 4 HHOEHAZ Y —=v 2705 b, HEEKCREE LT AR
12



NRSOAEA L7z LT, 4THHDOERA 7 ) —= v 72T %R\ 72[ NotSCR-model | &

H LT P llitkRED: L OB T 2 2 dHliT 2 70D ET AV TH D, (4) HWA Y

V—= v 7R AETT L [SCR-model| T, IHRAZ UV —=v 7 4TEH D A

THWPEZITH) LT, HRAZ ) —=Vv JHHZED-ETLOEBENRE LT

DEFNLTH S, (5) BHGERKED S5THHDOAH L 72 [Simple-model | Tld, fthE#

BB Ch —fRMICHERE L Z 2 b, T — X EUSERIO TE2A D 12  WEBLN 72

ERohh» o, L) FHIEESSWEAROMAGDEZEST 2 LT, HaFEICOL

T3 #RIEZ-ETALTH B,

F—%%vy MiE, 80%%F AT — &, 20%% T AT —XICHE L, TTLDY

BEMAE R T2 72, AT —XicB T3 5 AHIRERAEZ TV, 7Y v FH—F

WCEBANANR—NFTRA—RDFE LT o =, DHEBRIE. A7 — 27 4 v 7 HlFEAK

(XGBoost) ZER L 7z, XGBoost ZER L /-8l —HH X, R CHEMWFE ©

DFHNAERA T 2HEHOA L, BT FAMNT =22 L2hT T VERTH L7720/

AZXBREVWEFHINZE, ZHBZETAOEEFEICY vy PHIGEE 7 v VKD

FERHBIAATHBE I LD, BEHDODIV R 7 EZWOT LB TELE20TH S,

RKINT =23 2 FHKEICOWTIE, TAMHT =22 TFHET VICERAL T,

IEfRR, KERE, RE, BRE.F 2a7%2Kko, ROC f#ift (Receiver Operating

Characteristics Curve) #{EB L. AUC (Area Under the ROC Curve) 7% B L CaFfi
13



L7z, IEf##R (Accuracy) X, PHIETADBELL PHIL 2T —208E& %R L, IE

L 7= FHlOBE 2RO FHIECEl > 7285 TH %, F5E (Precision) [, 7 LA

[HMRREM 77T =—F® Y] & PHIL72T—2D 5 b, ERIC [HMWHEMT 7 =

—F bV | THoteT —2DEIEGTH S, EKE (Sensitivity) (X, FEFEDT — 2 [H

MIRREM S 7 =—FH V] THolzdboohT, EFANIELL [HMENT 7 =

—Fbdby | eTPHlCcEEEGTH D, FifE (Specificity) X, EEO 7 — 228 [H

g7 7 =— VL] THoldboohT, EFANELL THIWEMNT 7 =—

Fall brillcEElaTh s, FRaTE, BELEEOHFHNFETHY 0056 1

DOHIPITETLNDWURED N T YV ZAOR I ZE RT3 7-0IfliHEI 3, ROC fhffi.

JEPE 2 At i . Rl (1R R 2#ic 7oy P LR TH Y. 2ol T o

HETH 5 AUC 13 1 ITIEWIZ EET LVDOHERE W EZ/RL, 05 ICTWIEE T v

ZLTHMERETHDE Lamd, . T VORIKN RERD 72 0 I K EB D

HEEEZRM L 72,

HMPREM T 7T =— FOERKDEI 26, 7Y M o0& 7 7 25 (EMAFE

TT=—FbYVDVEIRY 7L, RLDEEIRY 7 X) DHFICH Y 234 L 5 AlHE

v Inco, EMWEM7 7T =—FaLEE»b 7 v Zay v 7Y v (BT,

TYR=Y%v TV vr) kiTv, HMENT 7 =— Fd VR FEEIC L 0% T

— Xty F COMWWEEETLE, TV X—H 7)) v 7 %2{Tbhbhknwr—Zt%y T
14



DA EETVE, TV XSV T ) v 7 %{TokT— Xty b TIER L 2B

HET L L OFFRO WD 720 IfEK L 7 (Supplementary table 4).,

2.8. PR AL RS
PSR O R 2 INE L CTIT O IBENRTH 5 720, FFENRE o= IZIE 2 T
TEMACEIC L 2IEREADRHE L AT T 21707, k. LHERY LM

MHEBERESDOEKEZETITo 72 XGRS 2022-0494),

3. iR

3.1 NREER

20184F 4 A 1 Ha* 5 2023 4F 3 A 31 HicH bk e ER 7 ) —= v 7 % £

L7-8BH 1,878 L DOFEILHEZ MR L 7, BWAEILHEICEZ S L7 829 4D 95 b, FEND

ABFEMBAF CTE R o7z 245 &, TTICHEMT TF—LICLENAREINT

Wiz 23 ZHEBRINL 722D 561 fEENTNRE & Lz (Fig 3.). NRE OV ERIL

65.7 1%, KD 39.0%TH Y, FEoHAFFEMLIZHAECH - 1 - EBATH o7z,

3.2. IEfR T — %

32.1. AR Z YV —=v ¥

RN REZE 561 %D 5B, KR NRS N4 FEThHo7-d 02864 (15%). KiE 1
15



HTH o7 EIRUNDBEIEIRDONRS 234 AL TH o720 D074 (1%) TH Y,

REPR1094 TH o7, EDHDOHLIDNRSHBALULETH 72D D232074 (37%).

RIEF2H4THY, THHLbDOLIICXIEEDOXENS NRS3IUETH 72 D 134

% (24%) RIB2#4TH o7z,

3.2.2. HMRIREAI T 7 =— F D 7 <A T & fEHE

WH9e ic X 2 2 oA R, HPIFRIC X 25l s pE & 72 o 72 BT 561 #th

51 4 TH o7 (9.1%), HMFGFHEIZ 4L LAMEID% <3, [fFboo063 0D

NRS 232> 2 725 % DB OFLEH 2 70 b D, HFAREM 7 7 = — FIcB#E L 725

LD 2 b DDOFHM AR TlE e\ 72D1C 7 R ABWEE & Hlr S = flTdh o 7z,

¥ 720 HMRIC X 2 FHE AL & fl X 7z 510 #4425 10%D 7 v XLy v 7Y v 7

T ENZ51 428N, 51024 561 4D 5 H 18.2%) 23EFISK R o xf R F

oz, WFEE L HFAFKOHIM O —EZ (L 97.1% (102 &4H 99 L o—FH)TH v, «

fRE03 091 TH - 7=,

3.23. WIMHERI 7 = — F DI

FEPTNRE 561 4D 5 B, BASHNICHMRIRRN 7 7 =— F & ) LHIr Tz o3 114

% (20.3%) THoTe, HMWEM T 7 =— FOWR%Z, Huli OREMELZSEICHHL

FAER . MEERE o = — FofEEI: OHEMERE] (114 4% 100 %, 87.7%).
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[ B iRrEdE] (65 %y 57.0%). [HERANOHM T 7 omE] (30 4. 26.3%). K

it el (12 £, 10.5%), [EREREZ RO LEN] (10 £, 88%) THY, [E

R X1 BB TH o7, Hul OFEMELSLTIL. [HEERIY R — + O 8k |

(18 %, 15.8%) <o, [SABREICHES FFaHE] (7 4. 58%) OD=—F1d-7=,

Table 1. ic, $MEIEA 7 = — F OO RE T 27,

33. WA Z Y —= v 7ETNL

2 HHD 20 & e PE0%EREE] ORI, K 80.7%., FfRIE 71.8% THhH - 7=

(Table2), 4MHH DN RffKDEAICH o 728 A 7 Y —= v 7 OkREIE. [ 86.8%.

FREE 65.6%TH - 7z,

34. W e T

5 DD EE T L REBIKAET L [ALL-model |, 4 HHDFHA 7 ) —=

v IRERLIN O EBF A€ TV [NotSCR-model |, A USND 3 HEHDERA 7 ) —

= v 7 %4 L7z [NotSCR+Pain-model |, ¥ A 27V —=v 7fERO AL AET L

[SCR-model |, Z#ER% D 5 JHH®D [Simple-model] DR o ROC i %

Supplementary Fig 2. 1R 3%, T HITERE DM AR D #f R & [SHEIX[H % Table 2 IC78 7%

3.4.1. 2EEPFEANET NV [ALL-model |

Ty E—=%v 7)) v 7%k XGBoost I X% ALL-model €7 D FHlERE X, IEfi#

17



# (accuracy) 77%. K5/ (precision) 47.9% . X[ (sensitivity) 95.8% . Ff 5
(specificity) 71.9%., F 227 63.9%., AUC 0.89 TH 7= (Figd), 7 v Ex—H%v

7 v 7RO BETREIEL LIRS, FRICHEH S N EBIZ 16 HHTH - 72,

342 A2 ) —= v 7 LA D ET L [NotSCR-model |

XGBoost IC & 3 NotSCR-model Tld, IEfE# (accuracy) 71.7% . fEHE (precision)
IZ 40.5% . J&KEE (sensitivity) 1% 70.8% . FFEJE (specificity) 71.9%, F 2 a7k
51.5% . AUC (£ 0.74 T» Y, ALL-model & T % &, F_CoFHilifEHE < FHltE

REIZEML L 72,

343 AL D 3TEHHDEIHA 2 V —= v 7 & BH L 7= [NotSCR+Pain-model |
XGBoost i X % NotSCR+Pain-model T, 1Ef#% (accuracy) 79.7%. F5JE
(precision) 1 51.4%., J&JE (sensitivity) 1% 79.2%. FrEEE (specificity) 79.8% .

A a7t 62.3%, AUC i 0.83 TH Y. NotSCR-model & [tik3 2 &, 2&Mic T Hl

PEREIZ A B L 72

344 WA Z Y —=v 7 DHDET N [SCR-model |
XGBoost i€ £ 3 SCR-model TlZ., 1FfiE== (accuracy) 89.4%. & (precision) ¢
68.8%. &L (sensitivity) 1% 91.7% . FFEE (specificity) 88.8%. F 2 a7 1% 78.6%.

AUC 2092 TH Y, 5 20T EHET vOH T AUC IR d BRIFCTH - 72,
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3.4.5 ZEGERZ D 5 HH O [ Simple-model ]

XGBoost I X 2fADIHH % &% 72 5 JHH O Simple-model Tli¥, [EM3* (accuracy)

76.1%. F5FE (precision) % 46.2%., /KJE (sensitivity) (% 75.0%. FFEE (specificity)

76.4%%. F 22713 57.1% . AUC X 0.82 TH > 7z,

3.5. ZRDHERE

ALL-model 2T, FHliIcfHEHINZ 16 THBIZ. KB NRS, 2 HbDo5 X1

X 2 X EoFEES ., fiEFE,. HbAle, b bDo 5 X 0EIEE., Fh., v bovy

VIRFfEL EIRLASL D B IRFEIR D NRS, #x v X2 E| FEli~0@biF. A%, L

FHEL X v oMY X 750 MRl RarxATe—n XV y-GTPTH Y,

HHAZ ) —= v 7 ORERBEMEN 7 7 =— FoFllIckicEE cH o 72 (Figh),

7

Simple-model 123\ C, BEREHCGERZIC THENCHEH 207 5HE X, &% NRS, i

HANy Y LME, i, MR EEEIECH D FHICAIR NRS 28RN, 7 =— F

DTHNCE L TFE5 LTwiz (Fig6),

AWFEIE. BRRICEKH I NI ERA 2 Y —= v 7 OFFR L HMAROHMWIT X v

HRREM T 7 = — F 2ol BT — 2 & 32 2 & T, #EfTHAABHRIHO HMY

R T == KR TR BEREE T SR L e, TS A BT I 0
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FIRREAI 7 7 =— Fid, AUC 0.89 REECTFHAIEETH 5 Z L Mo ic T ntz, Till

ETAURERICE Y, TRETHMWEN S T =—FamneELoNTuh oz B

HiCh, ERFOEFREMN 7 7 A DKRE A EEIC 2 5 L F 2 b b,

4.1. ERAA

FERMRIZ. 3HdH 5. 1 GHERIOHEMIRN T 7 = — F OfEREi 2 &l

ThHdze, 2HHIEIEMAEETVICX Y EMPEMZ 7 =— Fix AUC 0.89 F£E

TTHIFRECTH 5 Z &, 3 mHEIZEE NRS #flAAALZET VG, WA Y —=Vv

JDORM LRV G2 HEENETH 5,

4.2. WMHRENI T 7 = — F DATHRHE & 51

I REHOHR & LT, EITEED A BE ORI O EMHEM 7 7 = — F O fFiRE

3K 2 ElThH oz, HMWEMST T =— Fix, —#&Mic SPICT (Supportive and

Palliative Care Indicator Too)Zs & D 7 2 ZA X v bV — A Z H W CHfli E 5,

Hamano 5% SPICT-JP ZH\WCHMWEN S 72 0B L T2 EEEEZFAELCH

D, 65 LA EDEFD S B 17.3%ICHFNEEM T 70305 TH 2 LFHEI L T 7z 2

¥ 7z Morita b Q& Tld, HETH A BH OISRACERERIBRICERA 2 ) —= v 7

ZEM L. 18% ICHMIREM 7 7 o322 & HRI L 72 20, KWL TD = — F DHEKD

2HEBELAECH o7 L2 BRI 5L, WHAZ ) —= v /iR eHMARKICL 2

20



Al CEHMRIREM 7 7 = — FZAERRECTH o7t FEZ DN D,

{1l

HRRREM 7 7 =— FOWRD % <, LERRER-C SR SR, B8 B S oAl

b

77 oY, BRREXRDOMERETHE I LT, T AZKROEN T T =
— FiZ. BERMER X D RHER2 S 0 & v ) Vogt b ot L —8%3 2 1V, Kiff%
THM=— N EN=— FoBlGaE - 2B e LTid, WA 27 ) —=v 7
TORE « BRIERGHIE IC X 2IEIRDIF AR T I DWEPRE VL EZ LN S, KN

i, el — FPeERREto=—F, 2V FaT7r=— FoiHliiz+oicitd

NTITHREI BN X T 2 A[REED B 5,

4.3. B EE T O FHlTERE

2 HORR L LT, WA 7 e X0 HMWEER 7 7 =— Fid AUC0.89 1%
TTHIFIRETH - 72, Murphee & DEFFEA T T ~DINHEZR % Tl U 7= Bl H
7N VoMEREIX. AUC = 0.90, FFEE (specificity) 82%. F5E (precision) 19%
TH o7, AWff5Ed ALL-model TiZ, AUC = 0.89, FFHEE 71.9%. KiFE 47.9% T

SO RBEOWREZ TR LTV 2, FHEERO 22~ TH, FICEREEZERL 72720,

gl

JRE 95.8% L WO FERIZET A DR REREEZRLTWE EE 2 D,

BN T 7 = — F O PHNICEE 2 Z80E, WHA 2 ) —= v 7 2R T 5 &

D NRS., b HDD5 XD NRS, JEHD NRS. LD BFKRTERD NRS TH - 72,

21



CORERIZ, WRAZ ) —= v SEOEEE AT 0TH L, LirL, BE

270 —= Vv 7 OREREEAEMEM T 7 =— FOHED L o T Wb 720,

TR ) —= v VR T 228 % &7 7V OFHIFER X, #iEt L o@ Kl

DENTWABAREMDL D 5 HICIZFE LI HETH 5, ALL-model T3 NotSCR-model

CHEWTH, B L CEHEERE» - 724 . VERLL SERE. & NRS. EEEIFECTH

o7z, YR - SRR T = — FOFMICHE L2525 2 Lid, TR ORE L

FfkCdH 2 2, F7, EEE S AEEEREZ RS20 T 7 =— NIcEEL

EEZLND,

4.4. ALL-model &. NotSCR/NotSCR+Pain/SCR-model ® i

3RHOHRE E LT, & NRS AL ZET VX, WA 2 Y —=v 7D

L7015 A ABEMEDEH 5 201878 o 72 NotSCR-model DEEfifsiE % R 2 &, BKE T

Tl . IEMESL AUC e e 7 A2k e LTTHIEREAE T LT 2, AT

AL7ZEBGFEDOANLTIEHROATIE, M7y 7 =—FoFHllZN#ETH Y. NotSCR-

model TR 7 ) —=Vv 72 RETIHIWHN AT LIKITEL TR WVWETALTH D

tEzbnbd, UL, NotSCR-model 12¥)F NRS IHH #3841 LT NotSCR+Pain-

model &3 2% & FHITERE X T Nz, AWTEDONRE O HEMWFEM T 7 =— FOW

AU DOBERE | 2549 88%. BRI 28 57.0%., [BEARANDIEM T 7 OAE |

2 263%THY, AR NFITFEEL=—FClihdo2d DD, ZEEBEFICEWTIH
22



NEHEMPEMN 7 7= — FicEd FE5 LT, KKk, 9kERo 1>ch 577

T KL DEEREER, A EY F 2T A v e SAEICB#ELTH Y, QOL ~

DFEIIRE V. Z D0, KRR, Pk, Ik, mECHES 15 5 o514 20

P A v (the 5™ vital sign) | & MEIE, JAADOBUE % CHAMICFOER ISR T % & L 239

BINTWE, ANETOERBOFERDOEH I 2EET 2 L., KRS LHEHNTTRC S

FHHOMEL LOMhO=— F EAHLICBEE L T2 REMEA H %, 8 NRS O 7 —

2 e WG LM EE T VICRATE A, X2 ) —=v7icflb s PllleET v L

% Y135 AIRENED D B

X 51, SCR-model ©% ., ALL-model ¢ [AIZEDL X ALTC=— FZFHITX 52 L2

o2k oTz, WRAZ ) —=v 7RO SN =— F2iRo&2FEL, B&L

ERFMDOIIa=r—vavaET20R1H Y. K LMo EMFICHAN T

27200V —n e LTHEHINTWS, ZO0.0HN=— F23% < % 5o 3 HH

7 7 =— FOREICH 25 L7-a[REtED S 5 29, SCR-model Tld., EELISDEE

flitgHE Ic 5T ALL 5T LD HRER FRl>TWw 3, AL cld. HfWEMNYT 7 =—

FoOB2EFHZRRIFTICHMELHET 2L 2EHHAL TV DICREICEE 2E

VTR, [GIERFRCEEN PR D FRICERTH 5, BHENTERIMECEEE

P52 08 2 . IR T 7 = — F R WEFICEN 7 7EIFZD 35 2 LicD

mHY . BIERT R MR G S BRI 2. EMRERN S 7 = — FomnBEIC
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W 7RIS S AR Lok B, IR 7 EROHIK 2 & BEL

NOFHfEE 2 EHHR T 3 R ZRMICEHE W TIE ALL-model X Y SCR-model 235 L T \»

LH[REMEDS D

4.5. R ~DR%

Palliative Care) Tlt. T RTCODVBABEDRENTZT T =— K222 ) —=v 7L, BN

FAHER 72 U 72358 IR 7 7 ~DBN %175 S L 2R LTw3D, LiL,

FEPRBUS Clt. B2 ) —= v 7 OEBAESKE L RBEDOR Y Y —= v 73T

ATWRV, IHIC, A7V ==V ZEEEROTATY) ZLPMHELINTHRWNTZD,

20 ) ==y ZBE L o BE K L ZREA R SR T VAW C & 2T TH B,

Z OFEICH LT, A% Tld ALL-model, NotSCR-model, NotSCR+Pain, SCR-

model DI Z#IT\V, FHIETADBERAZ ) —= v 72 RELE2 22 ERL -1

R, I NRS 2R ETVIE, WA Y —=v 7O & 72 ) 152 ATREM: 28

015 701C 72 5 720 PR NRS W0 51T KA 2 o — LT b, BRATIC X 55

WA % HESE L C o 2 EEHOHERE & % < . DAL o R C PRI 7 7 = — 1

DFINICIEH T 2 (gD S WERTH S, L2 L, INETOWNFETIE, 227V

SV IBROTATYXADT FET I Y ADREABET ¥ b A AUEHEITS
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ERGhoTn2 0, A2 ) —= v 7, K NRS 2 5 OB EET L Th =

— FOFHIEP[EE/Z 23, ALL-model @ X 5 icfthd @727 v 2 X v FEHEH ZHAS

bEBZI LT, BERHICBEWEEDETALEY, R ) —= Vv BT AT Y X L

DFJEIC S D785 7201, =— Fz2FoalfetE o BF O it 237 2 % "Rt 28

H5,

AEMFEET N ZRIRFEL T 2 LCoOFEIREL3AH2LEX 5, 1RHIE,

M7y TEREORRETH 2, BMFEEET LBt HIEINAEE81CE. BTy T

COVWTHEE~DOHYR RO 5N 5, WRFEEETAZMRIL. BEICENMT 7 242

ET2DEFMMNT T 2EHM e LanwERE L = s algEtE & <L &7 7ICBd 2 5

KHFCHHD 20D a I a =7 —v a vl Z2ET 5, 7 7RIt

NBEHDTH D L) —RIRRMIRIB 720, &N T 7 ORI H k2B EF I

REZ 52 a[BEEDRH 5, M7 TICBHT 2 v 7Ly FzAbe TRET 2R L

ETNLVTCOEGHHEEZDOTIHICO BBV ETH L E 25, 2HHIZ, £TL1vT=

— Mt & HIE I N BFITHEM T T OMNIEA I NR AL H 2 HiTH 5, EHHME

IR T T == FMEC &b, T RCTOMETHAEE IR REMT T =—Fiid

rEzZoN, ETATOEEOHEIIEMTZ THABETHL I L 2ERL TR,

LTCOBRABEICHEMT 7 IZ0ETH Y. T VOHGEIC X Y ENT T RERY T 5

N3tk s, HEHRIBELSHNIETH B, T2, TXTORABEICHARVIEM
25



TTBREINDE XS, M7 TEHEEZHEEL WS L IEETHLILE RS, 3

HEZ. B EE TV EEHT 20T -2 Ao BRI DREE L 70 0 15 2 5

THd, INTOHHAPEFAILVT LY HBIREI NS L, T2 Ao AHZ fk

Mr7=—Fox4 L) —iHlinfTbd s, BERT -2 AN~05 %% T 3

BRAFERHLEZETATH S, HRAZ ) —=vZIicEBnWTh, FHliicEs T 2 EBA

HAHE L DEEE L 7 0T 5 720, $XTHIUL Y AT L~DHEEIRDON S,

4.6. Bi#E~DRE

AREFECIE. E - FRER NI X 2 BRARAHINT 2 2k LCHMRM s 7 =— F

Dl ZfT o7 &, ABKRE#ET € A X v MEHE FHNERICS < L 72 oM

tThHs, BHEDOFHVWALOHTTH, ARPIRENE, b~ Dbt ic 222> 2 A3

BREMDBT 22XV b T KA1 S L, EMWICT 22XV F 21T iRV ATHE

WARR I N, £/, THIETAZIRIREL L 56, BE2T7 22X T 251K

KORMICO%AY , BH#OUM EICHSTE 5 RN S 5.

4.7. DB H

INFETHEMTZF 7T =—FOFHITET VEZREEL - IZHZBEY CREFELTED

T B PBEMT 7 == F O L LTPRTAEREZMEHN LTz, KTk

M7 7HMAKE OIc &, EMIERMT 7 =— F2Rofl2 BT —2 952
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LT, ETBARBHOEMWEN S 7 = — F 2 Tl 2 A EE T 2T 5

T EDHBEL TR o T, AR, BREEOER D H 2 EFRIREN T 7 ~D HE#E N

ETNVOHMEL R LEZOLND,

4.8. WFFE DR

1HRBIETY M A LTHEMNENT 7 =— POzt L EHEtE0RETDH 2,

AWFIE CIEHMEKIC X 2 71l 2 IEfFE & & L 72 43, IPOS(Integrated Palliative

Outcome Scale) 2D 4 23WEE X 7= Y — L CRIA B IC BF 0 B REN 7 7 =
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Table 1. Patient characteristics

Imbalanced data (n=561) Rebalanced data (n=190)
High SPC needs (n=114) Low SPC needs (n=447) High SPC needs (n=95) Low SPC needs (n=95)
N or mean SD or (%) N or mean SD or (%) N or mean SD or (%) N or mean SD or (%)

Age (years) 61.2 12.7 66.8 10.8 60.3 12.7 66.9 12.0
Sex assigned at birth (female) 63 (28.8) 156 (71.2) 57 (59.4) 39 (40.6)
Cancer types

Gastrointestinal 23 (13.5) 147 (86.5) 37 (53.6) 32 (46.4)

Hepatobiliary and pancreatic 45 (29.8) 106 (70.2) 17 (40.4) 25 (59.6)

Lung 18 (14.9) 103 (85.1) 16 (40.0) 24 (60.0)

Urological 7 (14.9) 40 (85.1) 6 (54.5) 5 (45.5)

Gynecological 10 (32.3) 21 (67.7) 11 (64.7) 6 (35.3)

Head and neck 5 (33.3) 10 (66.7) 5 (83.3) 1 (16.7)

Skin 4 (36.4) 7 (63.6) 3 (100) 0 0)

Others 0 0) 7 (100) 0 0) 2 (100)
Multiple cancers 9 (13.2) 59 (86.8) 7 (38.9) 11 (61.1)
Recurrence 35 (18.0) 159 (82.0) 29 (43.3) 38 (56.7)
Chemotherapy

1% line 82 (19.0) 350 (81.0) 69 (46.3) 80 (53.7)

2" line 24 (27.3) 64 (72.7) 20 (64.5) 11 (35.9)
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Distress Thermometer > 4 87 (42.0) 120 (58.0) 71 (70.3) 30 (29.7)

Impact Thermometer > 3 69 (51.9) 64 (48.1) 53 (80.3) 13 (19.7)

Notes: N; number, SD; standard deviation, JCS; Japan Coma Scale, NRS; Numerical Rating Scale, ECOG PS; The Eastern Cooperative Oncology Group Performance Status.
" Rebalanced data is a dataset that has had under-sampling applied.

? Consciousness level was assessed by the Japan Coma Scale at the time of hospitalization. A 1-digit score indicates that the patient is awake without any stimuli. A 2-digit score
indicates that the patient can be aroused and then revert to the previous state after cessation of stimulation

7 Four items were assessed as part of the distress screening at the hospital: numerical rating scale of pain, numerical rating scale of physical symptoms other than pain, Distress

Thermometer (DT), and Impact thermometer (IT) for psychological distress. NRS for physical symptoms excluding pain had 109 missing values, and DT score and IT score
had 2 missing values, respectively.
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Table 2. Summary of predictive performance of each model

(1 95% Confidence Interval ) Accuracy Precision Sensitivity Specificity F score AUC
ALL-model 77.0% 47.9% 95.8% 71.9% 63.9% 0.89
(68.4-83.8) (34.5-61.7) (79.8-99.3) (61.8-80.2) (49.3-75.6) (0.80-0.96)
NotSCR-model 71.7% 40.5% 70.8% 71.9% 51.5% 0.74
(62.8-79.2) (27.0-55.5) (50.8-85.1) (61.8-80.2) (35.7-64.3) (0.64-0.83)
NotSCR+Pain-model 79.7% 51.4% 79.2% 79.8% 62.3% 0.83
(71.3-86.0) (35.9-66.6) (59.5-90.8) (70.3-86.8) (47.1-75.9) (0.74-0.92)
SCR-model 89.4% 68.8% 91.7% 88.8% 78.6% 0.92
(82.4-93.8) (51.4-82.1) (74.2-97.7) (80.5-93.8) (64.9-89.4) (0.82-0.98)
Simple-model 76.1% 46.2% 75.0% 76.4% 57.1% 0.82
(67.5-83.0) (31.6-61.4) (55.1-88.0) (66.6-84.0) (40.0-70.3) (0.72-0.91)
Distress screening (4-item) ’ 69.9% 39.1% 86.8% 65.6% 54.0% NA
Distress screening (2-item) ? 73.6% 42.2% 80.7% 71.8% 55.4% NA

Note: AUC; Area Under the Curve.

ALL-model; XGBoost, which included 126 input features, NotSCR-model XGBoost, which excluded the 4-item distress screening from input features, NotSCR+Pain-model;
XGBoost, which excluded the 3-item distress screening other than pain NRS from input features, SCR-model; XGBoost, solely used the 4-item distress screening, Simple-
model; XGBoost, designed for enhanced generalization which included five features. The 4-item comprises the Distress Thermometer (DT), the Impact Thermometer (IT), the
Numerical Rating Scale (NRS) for pain, and NRS for symptoms other than pain.
! The predictive performance of distress screening following the hospital's protocol, if a patient scored above the threshold on any of the four distress screening criteria, patients

are treated as screening positive.

? The predictive performance of distress screening following the Distress Thermometer and Impact thermometer, if a patient scored above the threshold on either of the two
items, they are treated as screening positive.
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1 April 2018 - 31 March 2023

Advanced cancer patients who
received outpatient chemotherapy
and distress screening
(n=1,878)

A4

Excluded

Blood cancer diagnosis (n=264)
Received neoadjuvant or

adjuvant chemotherapy (n=616)
Received chemoradiotherapy (n=46)
Enrolled in clinical trials (n=39)

No prior hospitalization (n=84)

Eligible patients
(n=829)

\4

Excluded

Data not available in the hospital’s cancer
registry (n=245)

History of palliative intervention (n=23)

Analysed patients
(n=561)

Figure 3. Participant flow
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Fig 4. ROC curve and confusion matrix (ALL-model)
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Note: Predictive performance (95% Confidence Interval): Accuracy; 77.0% (68.4-83.8), Precision; 47.9% (34.5-61.7), Sensitivity; 95.8% (79.8-99.3), Specificity; 71.9% (61.8-
80.2), F1 score; 63.9% (49.3-75.6).
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Feature Importances Importance

Pain NRS 0.34189

IT 0.08170

Fall history 0.07962

HbAlc 0.07016

DT 0.06289

Age 0.05989

PT 0.04768

Symptom NRS 0.04689

TP 0.04264

Transport 0.04243

Anxiety 0.03142

P 0.02880

Sex 0.02427

Regimen 0.01463

T-col 0.01451

gamma-GTP 0.01059
0.00 0.65 O.ZII.O 0.i5 0.I20 0.I25 0.30 0.35

Feature Importance

Fig 5. Top 16 features by importance (ALL-model)
Note: NRS; Numerical rating scale, IT; Impact Thermometer, DT; Distress Thermometer, PT; prothrombin time, Symptom NRS; symptom NRS other than pain, Transport;
means of transport to a hospital, Anxiety; nursing assessment of anxious facial expressions, P; Phosphorus, Regimen; emetogenic risk of the chemotherapy regimen
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Feature Importances

Pain NRS

Ca

Fall history

Age

Sex

0.0 0.1 0.2 0.3 0.4
Importance

Fig 6. Top features after feature selection (Simple-model)
Note: NRS; Numerical rating scale, Ca; Calcium. After ALL-developed, feature selection was conducted for clinical implication.
Predictive performance: Accuracy; 76.1%, Precision; 46.2%, Sensitivity; 75.0%, Specificity; 76.4%, F1 Score; 57.1%, AUC; 0.82.
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Analysed patients

(n=561)
Retrospective chart revif/ \
Screening’ Screening
Distress (+) Distress (-)
DT>4,1T>3, or DT <4,1T <3, and
symptom NRS >4 symptom NRS < 4
Descriptions? of || Descriptions of Descriptions of || Descriptions of
SPC needs (+) SPC needs (-) SPC needs (+) SPC needs (-)

v

Expert
assessment
SPC needs (-)

Expert
assessment
SPC needs (+)

High SPC needs Low SPC needs
(n=114) (n=447)

Supplementary Fig 1. Flow chart of specialist palliative care needs assessment

Notes: DT; Distress Thermometer, IT; Impact Thermometer, NRS; Numerical Rating Scale, SPC; Specialist Palliative Care
! Distress screening was conducted either during hospitalization or after discharge, but prior to transitioning to outpatient chemotherapy. This screening was carried out in person

by a nurse, involving both the patient and their family, in an outpatient chemotherapy room.
? Descriptions of SPC needs; Descriptions related to the nurse's assessment of SPC needs in nursing records.
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Receiver Operating Characteristic (ROC)
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Supplementary Fig 2. Comparison of ROC curves

Note: ALL-model; XGBoost, which included 126 input features, NotSCR-model XGBoost, which excluded the 4-item distress screening from input features, NotSCR+Pain-
model; XGBoost, which excluded the 3-item distress screening other than pain from input features, SCR-model; XGBoost, solely used the 4-item distress screening, Simple-
model; XGBoost, designed for enhanced generalization which included five features. The 4-item comprises the Distress Thermometer (DT), the Impact Thermometer (IT), the
Numerical Rating Scale (NRS) for pain, and NRS for symptoms other than pain.
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Accuracy Precision Sensitivity  F score AUC

Iterativelmputer 75.2% 40.0% 94.7% 56.3% 0.83
Another category 75.2% 40.4% 100.0% 57.6% 0.85
XGBoost 77.9% 43.2% 100.00% 60.3% 0.87

Supplementary Table 1. Sensitivity analysis for missing data imputation in ALL-model

Note: Iterativelmputer; For variables with less than a 20% missing rate, we implemented multiple imputation using the Iterativelmputer library from scikit-learn and
completed the missing data. Using Bayesian Ridge regression, missing data was predicted from other variables including the outcome. Imputation was carried out with a cap
of 100 iterations. For variables with more than 20% missing data, it was determined that the cause of the missing data might not be random (MNAR; Missing Not At
Random), and therefore, they were not included in the model. Another category (Treat missing data as another category); We created a variable that treats missing data as its
own category for use in the prediction model. (Example in blood test data categories; 0=below normal value, 1=within normal value, 2=above normal value, 3=missing). If
the missing data was related to a particular year, it was not included in the model. (Example. No data obtained in 2018, but data was obtained from 2019 onwards). Handling
of missing data by XGBoost; XGBoost supports missing values by default. In tree algorithms, branch directions for missing values are learned during training.
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Supplementary table 2. List of variables for machine learning prediction

Demographic

Age at diagnosis, age at chemotherapy, sex, nationality, residential area, history of smoking, smoking index, history of heavy alcohol
consumption, smoking habits.

Disease

Primary cancer site, cancer stage, site of metastasis, days since diagnosis, Charlson comorbidity score, performance status, medical
department, presence of multiple cancers, history of psychiatric visits.

Prescription

Chemotherapy regimen, opioid analgesia, presence of cancer recurrence, blood transfusion, line of chemotherapy (e.g., first-line), presence
of oxygen administration, emetogenic risk score of chemotherapy regimen.

Blood testing

Albumin, CRP; C-reactive Protein, total protein, White Blood Cells, Red Blood Cells, platelets, neutrophils, direct bilirubin, total bilirubin,
AST; Aspartate Aminotransferase, ALT; Alanine Aminotransferase, gamma-Glutamyl Transferase, alkaline phosphatase, amylase,
cholinesterase, creatinine, Blood Urea Nitrogen, Creatine Kinase, hemoglobin, haematocrit, hemoglobin Alc, Low-Density Lipoprotein
cholesterol, total cholesterol, blood sugar, calcium, sodium, potassium, chloride, magnesium, phosphorus, PT; Prothrombin Time, PT-INR;
International Normalized Ratio, APTT; Activated Partial Thromboplastin Time, partial pressure of oxygen, partial pressure of carbon
dioxide, Base Excess, Anion Gap, lactate, troponin.

Nutrition

Body Mass Index (BMI), weight loss in the past 6 months, lack of appetite, dysphagia score, pressure sore risk score, presence of current
pressure sores, history of pressure sores, presence of bony prominences, presence of pressure ulcer procedure, pressure sore classification
by the NPUAP (National Pressure Ulcer Advisory Panel).

Healthcare
utilisation

Hospitalization history in the past year, ICU utilization in the past year, utilization of home-visit nursing, outpatient or inpatient procedure,
admission from emergency room, utilization of home care, emergency hospital admission, unplanned hospital admission, reason for
hospital admission.

Literacy

Presence of literacy deficiencies, learning disabilities, language.

Socioeconomic

Employment status, housemate, number of housemates, relationship with key person, travel time to hospital, mode of transportation to
hospital, religion, insurance type, hobby, desire for intervention, desired medical/social service type.

Symptoms and
functional status

Numerical Rating Scale (NRS) of pain, NRS of physical symptoms other than pain, the Distress Thermometer, the Impact Thermometer,
respiratory rate, blood pressure, heart rate, body temperature, oxygen saturation presence of anxious expression, presence of dyspnea,
presence of dizziness, presence of numbness or tingling, independence degree in daily living, physical function score, risk score of falling,
fall history in the past year, presence of muscle weakness, presence of joint contracture, presence of joint disorders, type of walking aid,
unsteady gait, use of diapers, level of consciousness, cognitive function score, delirium risk score, care dependency, independence in;
eating, bathing, grooming, dressing, walking, stair climbing, urinary management, bowel management.

Note: All features, except binary ones, were categorized and then input into XGBoost. Blood testing features were divided into three categories; below the normal
value, within the normal range, and above the normal value. For the prediction of SPC needs at the time of distress screening, we extracted information from the
patient's most recent admission within the 3-month prior to the distress screening date.

44



Supplementary table 3. P-values between before and after sampling

Imbalanced data (n=561) Rebalanced data (n=190)
Low SPC needs (n=447) Low SPC needs (n=95)
N or mean SD or (%) N or mean SD or (%) p-value
Age (years) 66.8 10.8 66.9 12.0 0.935
Sex assigned at birth (female) 156 (80.0) 39 (20.0) 0.309
Cancer types 0.355
Gastrointestinal 147 (82.1) 32 (17.9)
Hepatobiliary and pancreatic 106 (66.8) 25 (33.2)
Lung 103 (81.1) 24 (18.9)
Urological 40 (88.9) 5 (11.1)
Gynecological 21 (77.3) 6 (22.7)
Head and neck 10 (90.9) 1 9.1)
Skin 7 (100) 0 (0)
Others 7 (77.8) 2 (22.2)
Multiple cancers 59 (84.3) 11 (15.7) 0.795
Recurrence 159 (80.7) 38 (19.3) 0.820
Chemotherapy 0.343
1% line 350 (81.4) 80 (18.6)

21 Jine 64 (85.3) 11 (14.7)
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Distress Thermometer > 4 120 (80.0) 30 (20.0) 0.425

Impact Thermometer > 3 64 (83.1) 13 (16.9) 0.995

Notes: N; number, SD; standard deviation, JCS; Japan Coma Scale, NRS; Numerical Rating Scale, ECOG PS; The Eastern Cooperative Oncology Group Performance Status.
" Rebalanced data is a dataset that has had under-sampling applied.

? Consciousness level was assessed by the Japan Coma Scale at the time of hospitalization. A 1-digit score indicates that the patient is awake without any stimuli. A 2-digit score
indicates that the patient can be aroused and then revert to the previous state after cessation of stimulation

7 Four items were assessed as part of the distress screening at the hospital: numerical rating scale of pain, numerical rating scale of physical symptoms other than pain, Distress

Thermometer (DT), and Impact thermometer (IT) for psychological distress. NRS for physical symptoms excluding pain had 109 missing values, and DT score and IT score
had 2 missing values, respectively.
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Supplementary Table 4. Sensitivity analysis for imbalanced data

Accuracy Precision Sensitivity Specificity  F score AUC
ALL-model in 78.8% 0% 0% 100% 0% 0.50
imbalanced data
ALL-model in  77.0% 47.9% 95.8% 71.9% 63.9% 0.89
rebalanced data ’
Simple-model in  81.4% 80.0% 16.7% 98.9% 27.6% 0.58
imbalanced data
Simple-model in  76.1% 46.2% 75.0% 76.4% 57.1% 0.82

rebalanced data

Note: ALL-model; XGBoost, which included 126 input features, Simple-model; XGBoost, designed for enhanced generalization which included five features.

" Rebalanced data is a dataset that has had under-sampling applied.
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Supplementary Table 5. TRIPOD Checklist: Prediction Model Development

Section/Topic 1 Checklist Item Page
Title and abstract
Title 1 | Identify the study as developing and/or validating a multivariable prediction model, the target population, and the outcome to be predicted.
Abstract 2 | Provide a summary of objectives, study design, setting, participants, sample size, predictors, outcome, statistical analysis, results, and conclusions.
Introduction
Explain the medical context (including whether diagnostic or prognostic) and rationale for developing or validating the multivariable prediction model, including references
Background and | 3a .
objectives to ex;stmg mO(.lels.. . . . _
3b | Specify the objectives, including whether the study describes the development or validation of the model or both.
Methods
Source of data 4a | Describe the study design or source of data (e.g., randomized trial, cohort, or registry data), separately for the development and validation data sets, if applicable.
4b | Specify the key study dates, including start of accrual; end of accrual; and, if applicable, end of follow-up.
S5a | Specify key elements of the study setting (e.g., primary care, secondary care, general population) including number and location of centres.
Participants 5b | Describe eligibility criteria for participants.
5c¢ | Give details of treatments received, if relevant.
Outcome 6a | Clearly define the outcome that is predicted by the prediction model, including how and when assessed.
6b | Report any actions to blind assessment of the outcome to be predicted.
Predictors 7a | Clearly define all predictors used in developing or validating the multivariable prediction model, including how and when they were measured.
7b | Report any actions to blind assessment of predictors for the outcome and other predictors.
Sample size 8 | Explain how the study size was arrived at.
Missing data 9 | Describe how missing data were handled (e.g., complete-case analysis, single imputation, multiple imputation) with details of any imputation method.
o 10a | Describe how predictors were handled in the analyses.
:It:;tll;;lizal 10b | Specify type of model, all model-building procedures (including any predictor selection), and method for internal validation.
methods 10d | Specify all measures used to assess model performance and, if relevant, to compare multiple models.
Risk groups 11 | Provide details on how risk groups were created, if done.
Results
13a Describe .the flow of participants through the study, including the number of participants with and without the outcome and, if applicable, a summary of the follow-up
Participants tme. A diagram may b.e helpful. — - - — - - - - — - —
13b Desc_rlbe the characteristics of the participants (basic demographics, clinical features, available predictors), including the number of participants with missing data for
predictors and outcome.
Model 14a | Specify the number of participants and outcome events in each analysis.
development 14b | If done, report the unadjusted association between each candidate predictor and outcome.
Model 15a | Present the full prediction model to allow predictions for individuals (i.e., all regression coefficients, and model intercept or baseline survival at a given time point).
specification 15b | Explain how to the use the prediction model.
Model 16 | Report performance measures (with Cls) for the prediction model.
performance
Discussion
Limitations 18 | Discuss any limitations of the study (such as nonrepresentative sample, few events per predictor, missing data).
Interpretation 19b | Give an overall interpretation of the results, considering objectives, limitations, and results from similar studies, and other relevant evidence.
Implications 20 | Discuss the potential clinical use of the model and implications for future research.
Other information
isnl;g]sﬁgforgary 21 | Provide information about the availability of supplementary resources, such as study protocol, Web calculator, and data sets.
Funding 22 | Give the source of funding and the role of the funders for the present study.
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