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ALB, albumin

ALT, alanine aminotransferase
AMY, amylase

AST, aspartate aminotransferase
AUC, area under the receiver operating characteristic
Baso, basophil

BSA, body surface area

BUN, blood urea nitrogen

Ca, calcium

CDDP, cisplatin

ChE, cholinesterase

CK, creatine kinase

Cl, chloride

CRE, creatinine

CRP, c-reactive protein

D-BIL, direct bilirubin

DPD, dihydropyrimidine dehydrogenase



Eosino, eosinophil

y -GTP, y -glutamyl transpeptidase

FN, febrile neutropenia

5-FU, 5-fluorouracil

GLMMLasso, generalized linear mixed model with Lasso penalization
HCT, hematocrit

HGB, hemoglobin

K, potassium

Lasso, least absolute shrinkage and selection operator
LDH, lactate dehydrogenase

LV, leucovorin

Lympho, lymphocyte

Mono, monocyte

Na, sodium

Neut, neutrophil

PLT, platelet

T-BIL, total bilirubin

TP, total protein



UA, uric acid
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Table 1 Patient characteristics

Cycle 1 Cycle 2 Cycle 3

Training cohort Test cohort p- Training cohort Test cohort p- Training cohort Test cohort o-value

(n=219) (n=147) value (n =115) (n=65) value (n=51) (n=27)
Age, years 69 (62, 74) 70 (65, 76) 0.21 69 (62, 74) 73 (66, 77) 0.05°  71(63,74) 72 (68, 76) 0.26"
Sex (female) (%) 29 (13) 24 (16) 0.45° 13 (11) 10 (15) 0498  7(14) 4 (15) 12
Body surface area (m2) 1.6 (1.5, 1.7) 1.6 (1.5, 1.7) 0.61° 1.6 (1.5, 1.7) 1.6 (1.5, 1.7) 0.79°  1.6(151.7) 1.6 (1.5,1.7) 0.77°
CDDP (mg/m?) 79 (74, 80) 78 (64, 80) 0.14P 66 (63, 80) 64 (63, 78) 0.08° 64 (63, 80) 64 (57, 65) 0.11°
5-fluorouracil (mg/m2) 779 (762, 790) 779 (755, 792) 0.81° 757 (619, 788) 657 (621, 788) 0.65" 634 (593, 780) 629 (619, 732) 0.99°
Leucovorin use (yes) (%) 114 (52) 82 (56) 0.522 42 (37) 19 (29) 0.418 18 (35) 5(19) 0.19?
Short hydration (yes) (%) 121 (55) 76 (52) 0.522 87 (76) 50 (77) 12 45 (88) 24 (89) 12
Aspartate aminotransferase
(o) 21 (17, 28) 21 (17, 25) 0.59° 19 (15, 25) 19 (16, 24) 0.93° 19 (16, 25) 20 (17, 30) 0.4
Alanine aminotransferase
(o) 17 (12, 29) 16 (13, 23) 0.27° 14 (10, 23) 14 (11, 18) 0.81° 15 (11, 19) 13 (11, 17) 0.66°
Lactate dehydrogenase (IU/L) 180 (157,217) 186 (165, 214) 0.25P 187 (166, 214) 189 (161, 214) 0.8 188 (162, 208) 199 (171, 231) 0.22
Gamma-glutamyl

37 (23, 68) 35 (25, 59) 0.78" 37 (23, 65) 36 (29, 73) 0.64°  33(24,67) 46 (28, 90) 0.11°
transpeptidase ((1U/L)
Cholinesterase (1U/L) 235(200,273) 243 (203, 295) 0.12 226 (201, 264) 252 (215,278)  0.05° 239 (211, 293) 258 (227, 294) 0.45P
Creatine kinase (1U/L) 52 (33, 82) 56 (39, 81) 0.18° 49 (34, 67) 64 (43, 89) 0.01° 51 (40, 75) 88 (55, 128) 0.01°
Amylase (1U/L) 73 (56, 97) 71 (52, 96) 0.32° 81 (56, 101) 81 (57, 93) 0.8° 83 (62, 106) 77 (54, 95) 0.42°
Total bilirubin (mg/dL) 0.6 (0.4,0.8) 0.6 (0.5, 0.8) 0.82° 0.5 (0.4, 0.6) 0.6 (0.4,0.7) 0.08° 0.5(0.4,0.7) 0.6 (0.45,0.8) 0.13°
Direct bilirubin (mg/dL) 0.1 (0, 0.1) 0.1(0.1,0.2) 0.71° 0.1 (0, 0.1) 0.1(0,0.1) 0.02° 0.1 (0, 0.1) 0.1(0.1,0.1) 0.04°
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Total protein (g/dL)

Albumin (mg/dL)

Uric acid (mg/dL)
Blood urea nitrogen (mg/dL)
Creatinine (mg/dL)

Sodium (mEg/L)

Potassium (mEg/L)

Chloride (mEg/L)
Calcium (mg/dL)

Hemoglobin (g/dL)

Hematocrit (%)

Platelets (x1000/uL)
C-reactive protein (mg/dL)

Neutrophils (/uL)

Eosinophils (/uL)
Basophils (/uL)
Monocytes (/uL)

Lymphocytes (/uL)

Grade 4 neutropenia (yes) (%)

4.9 (3.7,5.9)

0.73 (0.63, 0.84)
139 (137, 140)
4.3 (4.1, 4.6)
104 (102, 106)
9.1(8.8,9.4)

234 (186, 292)

0.3(0.1, 1.4)

111 (61, 199)

420 (301, 549)

1050 (761, 1470)

6.6 (6.4,7)
3.7 (34,4.1)
4.9 (4.1, 6)

14 (11, 17)
0.75 (0.63, 0.89)
139 (138, 141)
4.2 (4.1, 4.5)
105 (103, 107)
9.1(8.8,9.4)
12 (12, 13)

37 (35, 40)
218 (177, 278)
0.3(0.1, 1.1)

3920 (3130, 5410)

119 (69, 182)
21 (12, 31)
403 (310, 528)

1150 (801, 1500)

45 (31)

0.44°
0.38°
0.26
0.9
0.14°
0.12°
0.09
0.06
0.71°
0.16
0.2
0.04°
0.99°

0.33

0.85°
0.84°
0.97°

0.25°

0.53%

6.5 (6, 6.8)
3.6 (3.3,3.9)
4.7 (3.6, 5.6)
15 (12, 17)
0.76 (0.66, 0.91)
140 (138, 141)
4.3 (4.1, 4.5)
105 (103, 107)
9(8.7,9.3)

11 (10, 12)

34 (31, 37)
240 (189, 298)
0.21 (0.085, 1)
3460 (2620
5470)

56 (21, 133)
22 (12, 39)
428 (334, 551)

1030 (705, 1490)

10 (9)

6.6 (6.2, 6.8)
3.7 (3.4, 4)

5 (4.4, 5.8)

15 (13, 19)
0.78 (0.68, 0.88)
140 (138, 142)
4.3 (4.1, 4.5)
106 (103, 107)
9(8.7,9.4)

12 (11, 12)

35 (31, 37)
223 (182, 270)
0.1 (0.05, 0.6)
3550 (2760
4480)

55 (27, 111)
22 (12, 39)
405 (330, 510)
1140 (726
1530)

3(5)

0.16°
0.21°
0.03°
0.34°
0.78°
0.47°
0.75°
0.41°
0.83°
0.19°
0.31°
0.14P
0.18°

0.43°

0.77°
0.78°
0.37°

0.24°

0.38%

6.6 (6.2, 6.8)
3.8(35,3.9)

5 (4.2, 6)

15 (13, 18)
0.74 (0.67, 0.89)
140 (138, 141)
4.4 (4.2,4.7)
106 (104, 107)
9.1 (8.9, 9.5)
11 (10, 12)

34 (31, 37)
222 (191, 272)
0.16 (0.05, 0.5)
3850 (2740,
4930)

62 (37, 129)
23 (13, 40)
429 (338, 586)

956 (710, 1460)

4(8)

6.6 (6.3, 6.9)
3.8(3.6,4.1)
5.3 (4.9, 6.1)
15 (13, 19)
0.86 (0.73, 0.98)
141 (141, 142)
4.2 (4.1, 4.4)
106 (105, 108)
9(8.9,9.3)

12 (11, 12)

35 (32, 37)
225 (159, 253)
0.2 (0.07,0.72)
2950 (2160,
4220)

72 (20, 147)
21 (11, 41)
360 (274, 438)

979 (674, 1330)

2 (7)

0.62°
0.67°
0.17°
0.97°
0.11°
0.01°
0.07°
0.25°
0.32°
0.55°
0.74P
0.24P
0.45P

0.04°

0.97°
0.9°
0.05°

0.87°

la

Descriptive statistics are shown as the median (interquartile range)

3Fisher’s exact test; "Mann—Whitney U test
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Table 2 Standardized coefficients for the four models

Logistic Stepwise Lasso GLMMLasso
Age, years -0.58
Sex (female) -1.9 -1.5 -0.43 -0.053
Body surface area -1 -0.55
Leucovorin use (yes) 2.6 2.7 1.6 0.79
CDDP 0.76 0.81 0.17 0.3
5-flurouracil 14 1.3 0.54 0.61
Aspartate aminotransferase 0.023
Alanine aminotransferase -0.61
Lactate dehydrogenase 0.41 0.3
Gamma-glutamyl transpeptidase 0.32
Cholinesterase -0.7 -0.4 -0.14 -0.13
Creatine kinase -0.12
Amylase -0.38
Total bilirubin 0.11
Direct bilirubin -0.19
Total protein 0.68
Albumin -1.3
Uric acid -0.96 -0.84 -0.19
Blood urea nitrogen 0.12
Creatinine 1.6 13 0.29
Sodium 0.15
Potassium 0.18 -0.026
Chloride -0.079
Calcium -0.3 -0.28 -0.068
Hemoglobin 1.6
Hematocrit -1.1
Platelets -0.46 -0.047 -0.078
C-reactive protein -0.35
Neutrophils -0.56 -0.68 -0.1
Eosinophils 0.037
Basophils -0.31
Monocytes -0.32
Lymphocytes 0.033
Short hydration (yes) 0.07
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Binomial Deviance

BIC
360

Figure. 1 Regularization path for Lasso and GLMMLasso. (A) Deviance of the Lasso for determination of

the optimal tuning parameter, Aopt. Two specific values are indicated by the vertical dotted lines.

Lambda.min gives the minimum mean cross-validated error, while lambda.1se gives the most regularized

model such that the cross-validated error is within one standard error of the minimum. We used lambda.min

as Aopt. (B) Coefficient paths for the Lasso. (C) Bayesian information criterion of the GLMMLasso for

determination of the optimal tuning parameter Aopt. (D) Coefficient paths for the GLMMLasso. BIC,
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Bayesian information criterion; LASSO, least absolute shrinkage and selection operator.
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Figure. 2 Relative importance of variables for prediction of neutropenia calculated in the Logistic,
Stepwise, Lasso, and GLMMLasso models. The importance of the variables is represented as a ratio of
the highest value (i.e., leucovorin). YGTP, gamma-glutamyl transpeptidase; 5-FU, 5-fluorouracil; ALB,
albumin; ALT, alanine aminotransferase; AMY, amylase; AST, aspartate aminotransferase; Baso,
basophils; BSA body surface area; BUN, blood urea nitrogen; Ca, calcium; CDDP, cisplatin; ChE,
cholinesterase; CK, creatine kinase; Cl, chloride; CRE, creatinine; CRP, C-reactive protein; DBIL, direct
bilirubin; Eosino, eosinophils; HCT, hematocrit; HGB, hemoglobin; K, potassium; LDH, lactate
dehydrogenase; LV, leucovorin; Lympho, lymphocytes; Mono, monocytes; Na, sodium; Neut,
neutrophils; PLT, platelets; SH, short hydration protocol; TBIL, total bilirubin; TP, total protein; UA, uric

acid.

18



(-] I p—
o |
. ©
NE —
)
o O -
= N
S o :
LIT O — |
v © :
) —
O —
Lo I
Female

Figure. 3 Doses of 5-FU between men and women in LV using patients. P-value = 0.14 (Mann—Whitney

U test ).
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Figure. 4 Validation of the prediction performance of each model. (A) Receiver-operating characteristic

curves derived from the Logistic, Stepwise, Lasso and GLMMLasso models. (B) Receiver-operating

characteristic curves derived from Lasso and GLMMLasso for the first, second, and third cycles of

chemotherapy. Dashed lines represent Lasso. Solid lines represent GLMMLasso.
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Figure. 5 Nomogram and the calibration plot for the GLMMLasso model. (A) Nomogram predicting the
risk of neutropenia in the training cohort. (B) Calibration plot for the nomogram of the test cohort. The x-
axis is the predicted probability of neutropenia and the y-axis is the actual probability. 5-FU, 5-fluorouracil;

CDDP, cisplatin; ChE, cholinesterase; PLT, platelets
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4 Z5%

AHFFE T lE Logistic, Stepwise, Lasso, GLMMLasso &\»9 4 DD EF L%
A THLAEFRE R DU HRERIED O Tl 24T o 72, SBHAET XTI L 72
Logistic & Ll L, ZHGEIR % 1T - 7z Stepwise D532 AUC 23E 2> 7=,
¥ 72, Lasso L A7 v 7’7 4 XK X 2 BHCERUIFBIL T w7z b DD, Lasso
DI 0 AUC lEEi 222 7o IEAMLIZ IR R DAL E e EAR 2P < & Tl
PERED R E 0, ST — 203 2 FRKERE AR 975 2 L3RI b T w5 (6,
8], AWFFEICIH VT D Lasso DIEALZFIO TR Y X T 4 v Z[EIIFICED K &
PURREARE (b, E7AO@EME (deviance) 2METLTWw3 2 & p3b
7> % (Figure 1A), ¥ 7-. Lasso I% Stepwise & FH{L L 7= HOER 1T > T\ 5
23, Relative importance 23 FLESHIEAE T & - 7z (Figure 2), & - T Lasso I31E
Hifbic X 2Pt oE Bic X b, Stepwise & WIS L FHINE RS otz & &
Zbid, F7z GLMMLasso (F Lasso £ ) 7 A b 24—+ D 1~3 cycle DWW 3
NIZBE T H BIF 7 FHIKEE %R L 72 (Figure 4B), GLMMLasso (% 1~3 cycle
DEL—=vZakr—MIXY cycle MIOZBDZEACITH: S BhERZEEH L T
%, Lasso & [t#Z L 5-FU < CDDP @ Relative importance 28K & 22> 72 Z & 2>
5., 2, 3cycle DX R EGERAHE LT —2%2FEH L/ LICX), XY
HEBOEEEZ FMICAMED 2 2 LB TE - &E 2 55 (Figure 2),
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FE D AL FEER O ERRAME X 7213 FN © U 2 7 [KF- & L CEfie, I
RAKAE, WEE2HE S T3 ([3-5], /2. 2 ofttofEfEo b agE otz
£ LV offiffl, ALB, HGB, Mono, LDH & o 7284 & lliE 4 4~ — 5 —
BPHIKT & L TG INT»A[14-17], S HIcHEZECHE LN N[ F =
—h—%zlHrHbETENT 2 LT, Zl - TRTHKBEO®mVET V2
L 72l S X T\ B [18], 2 & TERA IO Y X RTFE T TR L,
R CRONIMA AL F~—h—FHOTETAEREL 72,
GLMMLasso I & - TER S 72 2%x CODP 058, 5-FU o5&,
LV o F#E, tBl. ChE, PLT T® -7z, MfFhEkifAiE iz CDDP % 5-FU i %
F2HERHBINTTH Y. SHEOKES S S CDDP % 5-FU o B K AT
FERIEAME D FEREMER AN T 2 & L AR S Wiz, £7-. LV i3 Biochemical
Modulation iZ X Y 5-FU @ F I YAy v 2 —KHEZ 50, DNA FHE % #
3 % [19], 5-FU ic 1) % Grade 3 MA Lo FIMERIKA . THI, FREREEL A 35
WTYRIZEFLLTOMEDH Y, Kifgte & —HT 2#R L ko 72[17],
BWEICBWTCS5-FUDZ )T 7 v REHEMEL Y LD 5 10~20%K\ 2 & 28
WwEINTHY, 7o) IV VRERAICE T ZEIFRBEE S L cm &
LEMAWHE TN T 2[20], LA LA CRRFEDOMERP AL SNz, Tk
LV 2L Tzt T, HatENIcHEEZE 2V b ook L kL
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BYDTi 28 5-FU %5 EAKE WER LD - 72720 & F 2 b5 (Figure 3),
S DB E BV nzd, TOXI BRI BELTCLE oL EZD
N, IHICH VY IVE LR L CENTT 2 08035 5,

PLT AKfE I HEREAC FN 0 U R 7 [KF & L COMEBEEDH V. SO
FER & —EL T\ 5 (3,21, 22], SARMHT T H AR B AERE T O
PLT fli7s CD34+AfE GE&MEHIIE) ORIE L HEIL T v z@iE-e[23], H#
25 AT C AR AR AR 1< 35 1 2 (LA RT @ PLT {28 % o % o F Bk
ME O FRIKRT & 7o T 2iEHRH 5 [24], X - T PLT {Kfil i3 b2k
DHFHEREIE 2B, HFTHERIEAMEIC 72 0 T W EBE O FHRIK T & 70 % ATgEN:

DRI N D,

i)
Uy

ChE 2 ALB ¢ [FfRICHIR CARK I N2 EAE TH b . (KB IREE I

[

~ORBHIGOWPICL VKT T 2L I Tw3[25], 7Y FDETFT AT low-
protein diets % {5 L 72 Tl regular diets % #5- L 7-#f & [t L DPD 3644
PETFLS5-FUHKLG#RD 27 VT 7 Vv RAMPMET L Cwz#iE0dH 5[26], -
(KRR BN IIF R ERIEAED ) 2 7 238K 7 B S L AR I NG, RERES
RT AN F~—S—E LT Y ALB 2SH WO TE 288, ILEORE T
ALB 13 RAE D EIEME % KB 2 1RIE T3 H 2 SREIREZ R IHIECld awv e
ENTWB[27], BEDBAME 3. 6. 12 7 H DREIRAER FF-l L 7235 <k
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ALB I &8 3 fE\v»—77 < BMI & ChE 2ifi#2 3 # H TR T L. % D&k 4 iclhl
L Tw7[28], ChE X ALB X ¥ IEffEIC EFHEIUK TIC X 2 {RAKEIRAEZ K
L T3 AMREMED S %, BB A BHEIT S % L RIBIAEE S, KRE
CHERDE X2 AL, AIFRICEWTREFHRITFHIiTE T nd
DD, ChE [ZAFEMTIC X 2 LREREE KL, IFhEREAED Y 2 7 K
T & LTER - ARENERD 5,

A7 ¢ld GLMMLasso # W3 2 LT, ¥ v A TCTFHBEDHWET L

RECE 72, £/, /277 LD THRET 2 2 Lo, HRCEECH AR
RERY — Ve T BB TEL, /B 7LDF YT L —vavyFuy bid
Brier 22 7280.139 & 720, R Tl AZ R L7z, /®7 7 2% HEZET
A3 2 B, G ERNC TR (. LV oG8, FUEkl oS &,
ChE. PLT) ZH W T TPHIERZFET 2, BEFEU Lo THIEREZRL
72850, P AKIOESLHRBARICHERT 2 RONEELH o2 Lol L <
BLEFEOWIEATREL 720 . FN O BB THICO R 2 /RS H 2, —F
TP AHN DRI HE S BB D TR~ DEICO W TGS RIS
TOHMETZE TR, Ko THIAAAIDIHEIC D W TTEEICHETT 2 45
D5,

AWFFEORRE LCUTAET NS, (1) iAo r —
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& 75 ERRFRINICIE AR R RO AR T E Y . IR ERBME % IERE IC T
M3 2R/ IZRERTH 2 AlREME DS B 5, FRICEERRIC 35\ T 347 R BRI
DYV AT L LCOWEDRDH 223(3]. BEFANT OB AL+H0Th vk
TEhdol, (2) 7rtay 7 rofR#ICES 3 2 DPD © X 5 iR+
R DG, FIBAF O M REDEHREZHAAL Z & T, FHltEREZ M
FXE AR H D, B)TRNTOT —XIFH—fiikh» bl I nzdbDTH
D, APMEALZT =4y b~DA—n"—=7 4 v FLTEA[HEWDH

%, L7ehoT, KEERNET -2ty b ZHOCCTHEZTMT 5 2 & 1E
EFhd, (4) AWtgiTli CDDP 0BG RIC X B L EEL Tk,

GLMMLasso IZ3 T 1~3 cycle D7 — % % 72 (CDDP 2EE5 8L L

T, K 240 mg/mi), CDDP @ REH G &2 200 mg/m YA | & Ko ff chf
BRIRAE DFEFEZRICFED I D2 o T 23 U [29, 30]. AWFFE Tld 1~3cycle it
IC B W TLARRE O R GBI P EREAME ICHE L 2w e UE L 72, 2R
RE5OHEREET 2701013V 4 2 ABIC Y Y TR D TR

LD D B,
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AfgEIc BT, GLMMLasso Z V% Z & THEKDu P 2T 4 v 7 Al &
Feig L 90 1ml AR 1 b @8 )G AT RE 7 AL PERE + 3 IR FE O E o BRI E 7 Ml -E
TARMER L 72 7= HEER CRIEICHEHTRERRERIC Y X7 25tR T
)T LHR LT, K ES T LT XY IFHRERIBDE D IR & FEf 4

5 &3 TE, FN 0EET~0HEBHF T 5,
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