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[ Abstract] Background and purpose: There are various chemotherapy regimens for breast cancer, and multiple chemotherapy
drugs are often used in combination. The chemotherapy cycle is long, and chemotherapy drugs cause many adverse reactions. In
clinical diagnosis and treatment of tumor patients, liver injury caused by chemotherapy is also a common adverse reaction. Of the
drug-induced liver injuries, liver injury caused by antitumor drugs accounts for 15%. We aimed to provide clinical strategies for
chemotherapy patients to reduce adverse reactions, increase chemotherapy compliance and improve the quality of life of patients.
Methods: We retrospectively analyzed the risk factors of liver injury caused by chemotherapy in patients with breast cancer who
were treated in Fudan University Shanghai Cancer Center from January 2017 to December 2017. We enrolled breast cancer patients
from Fudan University Shanghai Cancer Center and collected basic information including patient’s information, medical history,
chemotherapy, and laboratory indicators related to liver function. According to the presence or absence of liver injury, the patients
were divided into case group and control group. Univariate analysis of each factor level and multivariate analysis were used to
explore the risk factors of liver injury caused by chemotherapy in patients with breast cancer. The prediction model of liver injury
was established by binary logistic analysis, and the predictive ability of the model was tested by receiver operating characteristic (ROC)

curve analysis. Results: A total of 724 patients with breast cancer in Fudan University Shanghai Cancer Center were eligible for
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inclusion in this study. The proportion of patients with liver injury during chemotherapy was 40.74%. The results of logistics analysis

based on the results of univariate analysis showed that age, TNM stage, intensive chemotherapy regimen, paclitaxel combined
with platinum chemotherapy regimen, anthracycline chemotherapy regimen and chemotherapy cycle became the independent
risk factors for liver injury caused by chemotherapy in patients. The accuracy of the binary logistic model: P=1/1+Exp})(0.901-
AX+1.01X,+TX;-1.82X,+5.225X+1.256 X+ 0.874X,-0.764X), with a specificity of 91.61% and a sensitivity of 81.69%, was
87.60%. The negative predictive value (NPV) was 87.92%, and the positive predictive value (PPV) was 87.00%. At the same time,
ROC curve analysis showed that the area under the ROC curve was 0.923 (95% CI: 0.901-0.944, P<0.001). Conclusion: It is
necessary to establish an effective prediction model to take certain intervention measures for patients with high-risk liver injury. The
binary logistic prediction model established in this study has high accuracy, sensitivity and specificity, and can satisfy the prediction

requirements of chemotherapy-induced liver injury in breast cancer patients. It lays the theoretical foundation for the prediction and

clinical intervention of adverse reactions in breast cancer patients with liver injury at later stage.

[ Key words ] Breast cancer; Chemotherapy; Liver injury; Risk factors; Logistic regression analysis
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Tab.1 Auxiliary /neoadjuvant chemotherapy in breast cancer patients

Type Chemotherapy protocol Drug Dosage D/(mg-m™) Chemotherapy cycle

Adjuvant/neoadjuvant
chemotherapy for HER2  Dose intensive AC

negative breast cancer sequential P Adriamycin (A) 60 Every 14 d for 4 courses
patients
Cyclophosphamide (C) 600
Sequential taxol (P) 175 Every 14 d for 4 courses
Ds(;scfu:;t;;lls ii\;l:eﬁgve P Adriamycin (A) 60 Every 14 d for 4 courses
Cyclophosphamide (C) 600
Sequential taxol (P) 80 Once a week for 12 weeks
TC Docetaxel (T) 75 Every 21 d for 4 courses
Cyclophosphamide (C) 600
Dose intensive AC Adriamycin (A) 60 Every 14 d for 4 courses
Cyclophosphamide (C) 600
AC Adriamycin (A) 60 Every 21 d for 4 courses
Cyclophosphamide (C) 600
TAC Docetaxel (T) 75 Every 21 d for 4 courses
Adriamycin (A) 50
Cyclophosphamide (C) 500
AC sequential T Adriamycin (A) 60 Every 21 d for 4 courses
Cyclophosphamide (C) 600
Sequential docetaxel 100 Every 21 d for 4 courses
AC sequential P Adriamycin (A) 60 Every 21 d for 4 courses
Cyclophosphamide (C) 600
Sequential taxol (P) 80 Once a week for 12 weeks
EC Epirubicin (E) 100 Every 21 d for 4 courses
Cyclophosphamide (C) 830
Adjuvant/neoadjuvant
chemotherapy for HER2 ~ AC sequential TH, TCH, CEF-TH, CEF sequential PH, TH, etc. (H is trastuzumab, and the specific scheme of CEF,

positive breast cancer
patients

TH and PH is shown in Tab. 2)
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Tab.2 Chemotherapy regimen for recurrent or metastatic breast cancer
Type Chemotherapy protocol Drug Dosage D/(mg-m™) Chemotherapy cycle
Chemotherapy for Taxanes Paclitaxel (P) 175 21d, 1 course
rbizzgecnatnire;netastatic Paclitaxel (P) 80 1 treatment course per week
CEF Fluorouracil (F) 500 28 d, 1 course
Epirubicin (E) 50
Cyclophosphamide (C) 400
AC Adriamycin (A) 60 21d, 1 course
Cyclophosphamide (C) 600
EC Epirubicin (E) 75 21d, 1 course
Cyclophosphamide (C) 600
Chemotherapy for HER2 ~ TH Docetaxel (T) 75-100 21d, 1 course
etastaic breast cancr Traswzumab (1 Fi dose e
PH Paclitaxel (P) 175 21d, 1 course

Dose intensive PH

Trastuzumab (H)
Paclitaxel (P)

Trastuzumab (H)

First dose 8 mg/kg,
then 6 mg/kg

80
First dose 4 mg/kg,

1 time a week

then 2 mg/kg
PCH Paclitaxel (P) 175 21d, 1 course
Carboplatin (CBP) AUC2
First dose 8 mg/kg,
Trastuzumab (H) then 6 mg/kg 21d, 1 course
First dose 4 mg/kg, .
Or trastuzumab (H) then 2 mg/kg 1 time a week
®3 MHRGTERESR
Tab.3 Classification of severity of liver injury
Grade of liver injury 0 1 2 3 4
TBIL <125xN (1.26-2.50) x N (2.60-5.00) x N (5.10-10.00) x N >10.00 x N
ALP <1.25xN (1.26-2.50) x N (2.60-5.00) x N (5.10-10.00) x N >10.00 x N
ALT <1.25xN (1.26-2.50) x N (2.60-5.00) x N (5.10-10.00) x N >10.00 x N

N represents the upper limit of normal value
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( body surface area, BSA ) %§;
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Tab. 4 Basic characteristics of patients

Characteristic Value
Height //cm x £ 5 160 +5
Weight m/kg x + s 59+9
BMIx+s 23+3
BSAxts 1.620.12
TBIL cg/(umol- L") x £ 5 9+6
ALPz /(UL ") x+s 75+33
ALT /(UL ) xxs 54+ 54
AST zg/(U' L) x £ 35+28
Current chemotherapy cycle xX£s 7+4
Pathological stage [ n (%) 299 (41.30)
Pathological stage Il n (%) 315 (43.51)
Pathological stage l/IV n (%) 110 (15.19)
Complication n (%) 178 (24.59)
History of basic liver diseases 7 (%) 55 (7.60)
Intensive chemotherapy 7 (%) 281 (38.81)
Paclitaxel combined with platinum 7 (%) 92 (12.71)
Docetaxel combined with platinum 7 (%) 17 (2.35)
Chemotherapy regimen containing 5-FU n (%) 134 (18.51)
Chemotherapy regimen containing cyclophosphamide 7 (%) 579 (79.97)
Paclitaxel in chemotherapy 7 (%) 295 (40.75)
Chemotherapy regimen containing platinum 7 (%) 110 (15.19)
Anthracyclines in chemotherapy 7 (%) 464 (64.09)
Hondocetase n (%) 387 (53.45)
Anhepatic lesion 7 (%) 429 (59.25)
Grade of liver injury 1 n (%) 198 (27.35)
Grade of liver injury =2 n (%) 97 (13.40)
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Tab.5 Group statistics of counting data and ’ test results

Liver injury Progressive P value
Classification —— Total
0 1 Pearson square  Linear relationship ~ Fisher verification
Age segmentation/year <0.001 <0.001 N
<40 58 65 123
40-44 41 44 85
45-49 63 61 124
50-54 70 36 106
55-59 62 39 101
60-64 83 26 109
=65 52 24 76
Pathological stage 0.050 0.240 N
I 193 106 299
Il 176 139 315
/v 60 50 110
Complication or not 0.430 0.430 0.044
No 312 234 546
Yes 117 61 178
History of basic liver diseases or not 0.016 0.016 0.022
No 388 281 669
Yes 41 14 55
Whether the scheme is intensive or not <0.001 <0.001 <0.001
No 306 137 443
Yes 123 158 281
Intensive program or combination of paclitaxel and <0.001 <0.001 <0.001
platinum
No 391 241 632
Yes 38 54 92
Whether docetaxel combined with platinum or not 0.336 0.336 0.456
No 417 290 707
Yes 12 5 17
Whether 5-FU included or not 0.001 0.001 0.001
No 333 257 590
Yes 96 38 134
Whether including cyclophosphamide or not 0.009 0.009 0.011
No 72 73 145
Yes 357 222 579
Whether including paclitaxel or not <0.001 <0.001 <0.001
No 299 130 429
Yes 130 165 295
Whether including platinum or not 0.003 0.003 0.003
No 378 236 614
Yes 51 59 110
Whether including anthracyclines or not 0.349 0.349 0.386
No 160 100 260
Yes 269 195 464
Whether including docetaxel or not <0.001 <0.001 <0.001
No 157 180 337

Yes 272 115 387
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Tab. 6 Results of independent sample 7 test for group measurement data

=1
H
©

Project With or without liver damage Number n
Agelyear Yes 295 48+10"
No 429 52+10
Height //cm Yes 295 160 £ 5
No 429 160 + 5
Weight m/kg Yes 295 59+9
No 429 59+9
BMI Yes 295 23+3
No 429 233
BSA Yes 295 1.63+0.12
No 429 1.62+0.12
Current chemotherapy cycle Yes 295 53"
No 429 844
TBIL ¢y/(umol L) x % s Yes 284 108"
No 428 8+3
ALPz/(U'L ) x £ 5 Yes 284 82+30""
No 428 69 34
ALT z/(U-L ) x £ 5 Yes 288 96+ 64"
No 428 27+13
AST z/(U'L ) x £5 Yes 286 55436
No 428 22+7

™" P<0.001, compared with the group without liver injury

2.3 FLRREEEWTEARG TR EL
2.3.1 = logisticBi A 4 51

N NS T e N OE S i T
EWA I BE . BSATH . TNMZMU . AT E JE AL %
s L ALY TR . B RERG HRT
TrEE . S BRI 28O B T AR AR T T 3N
LR g BB A AR T 51 A B 5 1 kST S B R
(£7) .

¥ 2 E o b 5 DL A 2 BRI R
BEXMHRERAME —Jtlogistic il .
P=1/1+ExpY(0.901-AX,+1.01X,+TX,-
1.82X,+5.225X+1.256X+0.874X,-0.764Xy),
FEREEN91.61%, REUE N81.69%, HER L
H87.60%, PBATETIM{E (negative predictive
value, NPV ) 487.92%, PHM:EHIME ( positive
predict value, PPV ) N87.00% ( %8) . H:

H, AN BRI T AL o B E R TR )
S XTI B XCRARIS s X, UBSATE; X,
AR XA e, 0= 87,
1= “F" 5 X HHETRE, 0= “&K”
1= “&7 3 XM EEPERAMETE,
0= “/7 , 1= “&7 ; X W TEALITE,
0= “/"7 , 1= “&7 ; Xk HAjfes7 ir kb &
B, ZERIPPViA87.00% , PPV I&45 Hi 4 i
DA S50 BRI 62 405 15 48] o S B 4 49 9 491
L, PPV, RetR S EEITHEAT KB 3,
MNPV 587.92%, NPV s H 45 75 i {8 751 )
A B4 47 14 9 161 o S o A 468 409 191 1) L
fil, NPVEE, BB EEIRYTY I &b BT
A1 R AL . NPVFIPPVA] LLAEAS [R5 i F 48
5 BRI B B B s AT T, AR T %
BRI o 25 LK 8.



CFr @& % & &) 2021453 154 1Y 59
®7 itlogistica T RERFREAHHTH
Tab.7 The variables in the bivariate logistic analysis and the model equation
95% Exp CI
Classification B SE Wald df P value Exp (B)
Lower limit Upper limit
Age segmentation/year 31.641 6 <0.001
40-44 -0.284 0.394 0.519 1 0.471 0.753 0.348 1.630
45-49 -0.229 0.362 0.401 1 0.526 0.795 0.391 1.616
50-54 -1.337 0.432 9.595 1 0.002 0.263 0.113 0.612
55-59 -0.935 0.394 5.614 1 0.018 0.393 0.181 0.851
60-64 -1.623 0.415 15.292 1 <0.001 0.197 0.088 0.445
=65 -1.938 0.504 14.785 1 <0.001 0.144 0.054 0.387
BSA 1.01 0.938 1.160 1 0.281 2.746 0.437 17.255
Pathological stage 7.421 2 0.024
I} 0.633 0.252 6.311 1 0.012 1.883 1.149 3.085
Il and IV 0.767 0.392 3.827 1 0.05 2.154 0.999 4.646
History of basic liver diseases or not -0.182 0.436 0.174 1 0.676 0.834 0.355 1.959
Whether the scheme is intensive or not 5.225 0.494  111.742 1 <0.001  185.815 70.528 489.549
Whether paclitaxel combined with platinum 1.256 0.478 6.907 1 0.009 3.511 1.376 8.959
Whether including anthracyclines or not 0.874 0.269 10.597 1 <0.001 2.397 1.416 4.059
Current chemotherapy cycle -0.764 0.061  155.886 1 <0.001 0.466 0.413 0.525
Constant 0.901 1.548 0.338 1 0.561 2.462
* 8 jtlogisticiEEITM
Tab. 8 bi variate logistic model evaluation
Predicted value
Observation value Liver injury or not
No Yes Percentage/%
Liver injury or not
No 393 36 91.61 (specificity)
Yes 54 241 81.69 (sensitivity)
Percentage/% NPV: 87.92 PPV: 87.00 87.60
2.3.2 ik H TSI (receiver operating 10
characteristic, ROC ) w1 £ 5> #7 o
AR ST Y PSR, XA 45 2R AT 03
Pr, UARBUE AP b (FUOREBEMR) , 145 5 06
SRR AR (ERBBHTESR ), FEEIZHIROC 2
2. ROCHIZSMT &% . ROCHIZHILk T = B
THA50.923 (95% CI: 0.901~0.944, P<0.001, o
9 ) o LA TN AR R ) A R A v, T
REJI AT, WG SHE 40466, ROCHIZE LA, 00 : : : : :
0.0 0.2 0.4 0.6 0.8 1.0
1-Specificity
B 1 ETAHRGEEHNMROCH &

Fig. 1 ROC curve based on liver injury model prediction
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Tab.9 ROC curve parameters

Area under curve Standard error”

: b
Progressive P value

Progressive 95% CI

Lower limit Upper limit

0.923 0.011

0.901 0.944

Test result variable: the prediction probability has at least one connection space between the positive and negative real state groups. Statistical data
may be biased. *: Under nonparametric hypothesis; ": Null hypothesis (true region=0.5)
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