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[ Abstract ] Objective To evaluate the effects of intestinal barrier function indicators (diamine oxidase [DAO], D-lactic
acid [DLA], and endotoxin [ET]) on common adverse reactions and nutritional status of patients with gastrointestinal tumor after
chemotherapy, and to determine the best predictive values of intestinal barrier function indicators for them. Methods A total of
77 patients with gastrointestinal tumors who were admitted to Anqing First People’s Hospital of Anhui Medical University from
Sep. 2019 to May 2022 were enrolled. DAO, DLA and ET of patients before chemotherapy and pre- and post-chemotherapy
patient generated subjective global assessment (PG-SGA) scores were collected. The effects of intestinal barrier function on adverse
reactions and nutritional status after chemotherapy were analyzed by comparing the levels of DAO, DLA and ET in patients
with different clinical characteristics. The influencing factors of adverse reactions and nutritional deterioration were screened
using binary logistic regression analysis. The best predictive values of DAO, DLA and ET for adverse reactions and nutritional

deterioration were determined using receiver operating characteristic curve and Youden index. Results The occurrence
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of myelosuppression was not affected by the levels of DAO, DLA and ET. Patients with vomiting, diarrhea or nutritional
deterioration after chemotherapy had significantly higher DAO and DLA before chemotherapy (all P<<0.05). Patients with
diarrhea or elevated transaminase after chemotherapy had significantly higher ET before chemotherapy (both £<<0.001).
Regression analysis showed that DAO and DLA before chemotherapy and gastrointestinal surgery within 3 months were
related to the occurrence of vomiting (all 2<<0.05). DLA is an independent influence factor of diarrhea after chemotherapy
(P=0.001). Late cycle chemotherapy and elevated DLA were the influencing factors of nutritional deterioration after
chemotherapy (both £<<0.05). The best predictive value of ET for transaminase elevation after chemotherapy was 17.36 U/L
(area under curve [AUC] =0.850, P<<0.001). The best predictive values of DAO and DLA for vomiting were 10.47 U/L
(AUC=0.727, P=0.001) and 18.55 mg/L (AUC=0.708, P=0.003), respectively. The best predictive value of DLA for
diarrhea was 17.63 mg/L (AUC=0.920, P<<0.001). The best predictive value of DLA for nutritional deterioration was
12.77 mg/L (AUC=0.684, P=0.006). Conclusion Intestinal barrier function indicators (DAO, DLA, and ET) have
predictive value for vomiting, diarrhea, elevated transaminase and nutritional deterioration after chemotherapy.

[ Key words | gastrointestinal neoplasms; intestinal barrier; chemotherapy; drug-related side effects and adverse

reactions; nutritional status
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Tab1 Intestinal barrier function indicators of gastrointestinal tumor patients with different clinical characteristics
xts

Characteristic n DAO/(U-L ") DLA/(mg-L ") Endotoxin/(U-L ")

Agelyear

<65 37 9.44+3.96 14.76 £7.91 12.50£5.36

>65 40 9.22+4.49 13.84+7.40 12.79+7.17
Gender

Male 57 8.92+3.98 14.18+7.68 12.51+6.62

Female 20 10.48+4.75 14.56+7.58 13.07+5.52
PS score

0-1 70 9.34+4.16 14.07+7.93 12.28+6.32

2 7 9.14+5.08 16.36+1.87 16.40+5.40
PG-SGA score

1-3 22 9.44+4.61 14.294+8.27 11.78+5.72

=4 55 9.28+4.09 14.28+7.40 13.00£6.57
Tumor site

Esophagus cancer 26 9.671+4.20 15.29+7.43 14.91+7.48

Gastric cancer 33 8.85+3.58 12.10+7.52 11.35+5.71"

Colorectal cancer 18 9.70+5.36 16.80+7.29 11.80+4.83
Clinical stage

[-1 27 9.631+4.81 15.40+8.65 12.8446.84

Ir-1v 50 9.14£3.90 13.67£6.99 12.56£6.10
Gastrointestinal surgery

No 55 9.15+3.98 15.00+7.37 13.61£6.60

Yes 22 9.761+4.83 12.47+8.06 10.2744.94%
Chemotherapy regimen

Single drug 12 10.31£4.26 17.39£8.50 14.98+7.29

Combined chemotherapy 65 9.14+4.22 13.71+7.36 12.23+6.10
Chemotherapy cycle

First cycle 37 9.26+3.95 14.84+7.16 12.83+6.87

Late cycle 40 9.39£4.50 13.77+£8.05 12.49+5.86

"P<<0.05 vs esophagus cancer group; “P<0.05 vs non gastrointestinal surgery group. PS: Performance status; PG-SGA: Patient

generated subjective global assessment; DAO: Diamine oxidase; DLA: D-lactic acid.
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Tab 2 Incidence of bone marrow suppression and transaminase elevation of gastrointestinal tumor patients with

different clinical characteristics

n (%)
Characteristic N Neutropenia Thrombopenia Transaminase elevation
Incidence y°value Pvalue Incidence y’value Pvalue Incidence x*value P value
Age/year 1.844 0.175 0.979 0.322 0.185  0.667
<65 37 7(18.92) 11 (29.73) 6(16.22)
>65 40 13 (32.50) 8 (20.00) 8(20.00)
Gender 0.228 0.633 1.000°* 1.000°
Male 57 14 (24.56) 14 (24.56) 11 (19.30)
Female 20 6(30.00) 5(25.00) 3 (15.00)
PS score 1.000" 0.354" 0.108"
0-1 70 18 (25.71) 16 (22.86) 11 (15.71)
2 7 2(28.57) 3(42.86) 3 (42.86)
PG-SGA score 4.566 0.033 0.699 0.403 0.327°
1-3 22 2(9.09) 4 (18.18) 2(9.09)
=4 55 18(32.73) 15 (27.27) 12 (21.82)
Tumor site 0.474° 0.936" 0.584"
Esophagus cancer 26 9(34.62) 7 (26.92) 6(23.08)
Gastric cancer 33 7(21.21) 8(24.24) 6(18.18)
Colorectal cancer 18 4(22.22) 4(22.22) 2 (11.11)
Clinical stage 0.289 0.591 0.135 0.714 0.120°
-1 27 8(29.63) 6(22.22) 2(7.41)
Ir-1v 50 12(24.00) 13 (26.00) 12 (24.00)
Gastrointestinal surgery 0.169 0.681 0.063 0.802 0.327"
No 55 15(27.27) 14 (25.45) 12 (21.82)
Yes 22 5(22.73) 5(22.73) 2(9.09)
Chemotherapy regimen 0.721° 0.719* 1.000°
Single drug 12 2(16.67) 2(16.67) 2(16.67)
Combined chemotherapy 65 18 (27.69) 17 (26.15) 12 (18.46)
Chemotherapy cycle 1.545 0.214 0.212 0.645 0.026  0.872
First cycle 37 12(32.43) 10 (27.03) 7 (18.92)
Late cycle 40  8(20.00) 9 (22.50) 7 (17.50)
Thoracic radiotherapy 0.037* 0.633" 0.298°
No 71 16 (22.54) 17 (23.94) 12 (16.90)
Yes 6  4(66.67) 2 (33.33) 2 (33.33)

*: Fisher exact test. PS: Performance status; PG-SGA: Patient generated subjective global assessment.
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Tab 3 Incidence of vomiting, diarrhea and nutritional deterioration after chemotherapy in gastrointestinal tumor patients

with different clinical characteristics

n (%)
Characteristic N Vomiting Diarrhea Nutriture deterioration
Incidence y’value Pvalue Incidence y’value Pvalue Incidence y*value P value
Agelyear 0.243 0.622 0.031 0.861 0.007  0.934
<65 37 11(29.73) 8(21.62) 17 (45.95)
>65 40 14 (35.00) 8(20.00) 18 (45.00)
Gender 0.075 0.784 0.749° 0.225  0.635
Male 57 19(33.33) 11 (19.30) 25 (43.86)
Female 20 6(30.00) 5(25.00) 10 (50.00)
PS score 1.000" 0.152° 0.235"
0-1 70 23 (32.86) 13 (18.57) 30 (42.86)
2 7 2(28.57) 3(42.86) 5(71.43)
PG-SGA score 4.981 0.026 0.765" 1.027 0.311
1-3 22 3(13.64) 5(22.73) 12 (54.55)
=4 55 22(40.00) 11 (20.00) 23 (41.82)
Tumor site 0.052 0.975 0.532° 1.235  0.539
Esophagus cancer 26 8 (30.77) 6 (23.08) 12 (46.15)
Gastric cancer 33 11(33.33) 5(15.15) 13 (39.39)
Colorectal cancer 18 6 (33.33) 5(27.78) 10 (55.56)
Clinical stage 0.396 0.529 0.053  0.819 0.686  0.407
-1 27 10 (37.04) 6(22.22) 14 (51.85)
- v 50  15(30.00) 10 (20.00) 21 (42.00)
Gastrointestinal surgery 4.318 0.038 1.000° 2.310  0.129
No 55 14(25.45) 12 (21.82) 28 (50.91)
Yes 22 11(50.00) 4(18.18) 7(31.82)
Chemotherapy regimen 0.511° 1.000" 0.082  0.774
Single drug 12 5(41.67) 2 (16.67) 5(41.67)
Combined chemotherapy 65 20 (30.77) 14 (21.54) 30 (46.15)
Chemotherapy cycle 5.901 0.015 0.031 0.861 4.871  0.027
First cycle 37 17 (45.95) 8(21.62) 12 (32.43)
Late cycle 40  8(20.00) 8(20.00) 23 (57.50)
Thoracic radiotherapy 1.000" 0.599* 0.683°
No 71 23(32.86) 14 (19.72) 33 (46.48)
Yes 6  2(33.33) 2(33.33) 2(33.33)

*: Fisher exact test. PS: Performance status; PG-SGA: Patient generated subjective global assessment.
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Tab 4 Effects of intestinal barrier function on adverse reactions after chemotherapy in patients with gastrointestinal tumors
xts
Ad . DAO DLA Endotoxin
verse reaction Data/(UsL™ ") tvalue P value Data/(mgeL"") ¢value P value Data/(UsL™') ¢value P value
Neutropenia 0.440 0.661 1.335  0.186 —0.897 0373
No 57 9.45+4.44 14.96+7.97 12.27+6.59
Yes 20 8.97%3.59 12.34+6.24 13.75+5.50
Thrombopenia —0.094 0.925 —0.404  0.687 —0.502  0.617
No 58  9.30%4.36 14.08+8.02 12.454+6.53
Yes 19 9.41%3.86 14.90£6.32 13.29+5.76
Transaminase elevation 0.440 0.661 —1.438 0.155 —4.677 <0.001
No 63 9.43+435 13.70+£7.75 11.25+5.67
Yes 14 8.88%3.66 16.911+6.50 18.99+5.24
Vomiting —3.104 0.003 —3.218  0.002 —0.886 0.379
No 52 835%3.86 12.461£6.92 12.21£5.80
Yes 25 11.37+4.28 18.08 £7.68 13.58+7.34
Diarrhea —2.517 0.014 —7.055 <0.001 —3.868 <<0.001
No 61 8.73%4.03 11.84+5.93 11.34+5.59
Yes 16 11.61+£4.27 23.60+5.96 17.66+6.62
Nutriture deterioration —2.268 0.026 —2.451 0.017 —1.204 0.232
No 42 8.36%3.76 12.40+7.36 11.8616.13
Yes 35 10.49%4.49 16.531+7.38 13.6016.51

DAO: Diamine oxidase; DLA: D-lactic acid.
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Tab 5 Binary logistic regression analysis of adverse reactions and nutritional deterioration after chemotherapy in

patients with gastrointestinal tumors

Variable Vomiting Diarrhea Nutriture deterioration
OR (95% CI) P value OR (95% CI) P value OR (95% CI) P value

DAO 1.189 (1.019, 1.386) 0.028 1.057 (0.862, 1.217) 0.782 1.116 (0.980, 1.271) 0.098
DLA 1.129(1.032, 1.235)  0.008 1.333 (1.132, 1.571) 0.001 1.079 (1.005, 1.159)  0.037
Endotoxin 1.112 (0.965, 1.280) 0.141

PG-SGA scores 6.543 (0.978,43.778)  0.053

Chemotherapy cycle 0.317 (0.089, 1.128)  0.076 3.542(1.268,9.896)  0.016
Gastrointestinal surgery 4.804 (1.279, 18.047)  0.020

DAO: Diamine oxidase; DLA: D-lactic acid; PG-SGA: Patient generated subjective global assessment; OR: Odds ratio; CI:

Confidence interval.
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Fig1 ROC curves of intestinal barrier function indicators predicting adverse reactions and nutritional deterioration
after chemotherapy in patients with gastrointestinal tumors
A: ROC curve of endotoxin predicting transaminase elevation (AUC=0.850, 95% CI 0.723-0.978, P<<0.001); B: ROC curves of
DAO and DLA predicting vomiting (AUC=0.727, 95% CI 0.601-0.853, P=0.001; AUC=0.708, 95% CI 0.584-0.832, P=0.003);
C: ROC curve of DLA predicting diarrhea (AUC=0.920, 95% CI 0.856-0.984, P<<0.001); D: ROC curve of DLA predicting
nutritional deterioration (AUC=0.684, 95 CI 0.562-0.806, P=0.006). ROC: Receiver operating characteristic; DAO: Diamine

oxidase; DLA: D-lactic acid; AUC: Area under curve; CI: Confidence interval.
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