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Background: It is important to assess the nutritional status of patients who have experienced adverse drug 
reactions (ADRs) after chemotherapy. We aimed to explore the nutritional status of patients who developed 
ADRs after chemotherapy, using the Nutritional Risk Screening 2002 (NRS 2002) tool, the Onodera 
Prognostic Nutrition Index (OPNI), and their combined application. 
Methods: NRS 2002 screening and OPNI calculation for patients before chemotherapy. Patients with 
ADRs after chemotherapy were grouped according to the NRS 2002, OPNI, and combined scores from both 
assessments. The types of ADRs were classified according to the National adverse drug reaction monitoring 
system (http://www.adrs.org.cn/). The impact of nutritional risk on the classification and types of ADRs 
in cancer chemotherapy patients was analyzed. Logistic regression was used to analyze the key influencing 
factors of gastrointestinal damage and bone marrow suppression. the consistency between the NRS 2002, 
OPNI, and their combined application analyzed. 
Results: The difference in body mass index (BMI) scores between the OPNI (P=0.041) and NRS 2002 
groups was statistically significant (P=0.051). The difference in ADR type in the OPNI subgroups (P=0.04) 
was statistically significant. It showed that the proportion of new and severe ADRs in the low OPNI group 
(47.14%) was significantly higher than that in the high OPNI group (27.13%). The differences in digestive 
tract-associated ADRs were statistically significant among the OPNI groups (P=0.004), NRS 2002 groups 
(P=0.012), and combined measures groups (P=0.000), as were the differences in myelosuppressive-type ADRs 
in the OPNI groups (P=0.035), NRS 2002 groups (P=0.000), and combined measures groups (P=0.000). 
Logistic regression analysis showed that BMI was the key influencing factor for digestive tract-associated 
ADRs (95% CI: 1.267, 95% CI: 1.022–1.570, P=0.031) and myelosuppressive-type ADRs (95% CI: 1.213, 
95% CI: 1.020–1.443, P=0.029). It had good consistency with the combined measures of nutritional risk 
(Kappa value =0.675).
Conclusions: Patients with severe ADRs after chemotherapy showed low OPNI values, high NRS 2002 
scores, and malnutrition. These patients also had a significantly increased incidence of digestive tract and 
myelosuppressive-type ADRs with BMI as the key influencing factor. The combined assessments showed 
good consistency with the NRS 2002 scores.
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Introduction

Cancer is a worldwide major public health problem. 
According to the statistics (1), there are 18.1 million new 
cancer cases and 9.6 million deaths globally every year. 
Chemotherapy is the most common treatment for cancer 
patients, with significant clinical efficacy. However, because 
chemotherapy is not targeted, it kills cancer cells and 
damages normal cells, leading to many adverse reactions 
and complications that seriously affect the therapeutic 
effect and the health of patients. Adverse drug reactions 
(ADRs) are defined as harmful reactions to prescribed 
drugs that have nothing to do with the purpose of the 
drug use under normal usage and dosage. The occurrence 
of ADRs, especially severe ADRs, will force changes to 
first-line chemotherapy regimens, prolong the time of 
chemotherapy, or even interrupt chemotherapy, thus 
affecting the prognosis of patients. Clinical practice has 
found that malnourished cancer patients are more prone 
to experience ADRs during chemotherapy. An Onodera 
Prognostic Nutrition Index (OPNI) value is easy to 
obtain and is generally used to predict the occurrence of 
postoperative complications and the prognosis of advanced 
cancer patients. The Nutritional Risk Screening 2002 (NRS 
2002) tool is commonly used for nutritional risk assessment 
and screening of hospitalized patients. However, few studies 
have examined their use and evaluated their association 
with the type and classification of ADRs in patients. 
Therefore, this study innovatively assessed the nutritional 
status of patients with ADRs to explore the clinical value 
of OPNI and NRS 2002 nutritional risk screening and 
their combined use in evaluating the occurrence (risk, type, 
etc.) of ADRs in chemotherapy patients so as to reduce 
the occurrence of ADRs and improve the compliance 
of patients with medication. In addition, this study used 
OPNI, NRS 2002, and a combination of both measures for 
the statistical analyses. This research innovatively combined 
the selected nutritional screening evaluation methods and 
verified this combined form statistically. Our aim in using 
the combined measures approach was to improve the 
accuracy and relevance of nutritional screening evaluations 
and identify patients who are likely to benefit from more 
targeted nutritional support interventions, consistent with 
China’s health insurance policy. The cases involved in this 
study are from the Chinese Hospital Pharmacovigilance 
System (http://www.adrs.org.cn/). These cases contain 
different tumor types, and the investigator has not identified 
a certain case for the study. In the follow-up research 

process, consider identifying to choose a specific type of 
cancer patient for research.

We present the following article in accordance with 
the STROBE reporting checklist (available at https://atm.
amegroups.com/article/view/10.21037/atm-22-256/rc).

Methods

Case data

This study selected 199 cancer patients with ADRs who 
received chemotherapy at the Affiliated Hospital of Jiangnan 
University, China, from January 2019 to December 
2020. The ADRs were identified by the Chinese Hospital 
Pharmacovigilance System (http://www.adrs.org.cn/). The 
patients included 100 males and 99 females. Among them, 
there were 69 cases of gastrointestinal cancer, 32 cases of 
lung cancer, 26 cases of hematologic cancers, 16 cases of 
gynecological cancers, 16 cases of breast cancer, 9 cases of 
head and neck cancer, 6 cases of pancreatic cancer, 3 cases 
of liver cancer, and 22 cases of other cancers. All procedures 
performed in this study involving human participants 
were in accordance with the Declaration of Helsinki (as 
revised in 2013). The study was approved by ethics board of 
Affiliated Hospital of Jiangnan University (No. LS2020034). 
Individual consent for this retrospective analysis was waived.

Related definitions

The OPNI value was calculated according to the patients’ 
routine blood and biochemical examination results before 
chemotherapy, where the OPNI value = albumin value (g/L)  
+ 5 × total lymphocyte number (109/L). According to the 
criteria developed by Cai et al. (2), the low OPNI group 
was defined by an OPNI value <45.8, and the high OPNI 
group was defined by an OPNI value ≥45.8. The NRS 2002 
was developed by the European Society for Parenteral and 
Enteral Nutrition (ESPEN) in 2002 and is recommended 
for nutritional risk screening in adult hospitalized patients. 
The score is the sum of the nutritional status score, disease 
severity score, and age score, and a total score ≥3 indicates 
the patient is at nutritional risk. Therefore, the low NRS 
2002 group was defined by a score <3, and the high NRS 
2002 group was defined by a score ≥3. The combined ‘good 
nutrition’ group was defined by an OPNI value ≥45.8 and 
NRS 2002 score <3, and the combined ‘poor nutrition’ 
group was defined by an OPNI value <45.8 and NRS 2002 
score ≥3. 

http://www.adrs.org.cn/
https://atm.amegroups.com/article/view/10.21037/atm-22-256/rc
https://atm.amegroups.com/article/view/10.21037/atm-22-256/rc
http://www.adrs.org.cn/
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Adverse Drug Reaction Report and Monitoring 
Measures for The Administration (3) define new ADRs in 
bylaws section: (I) no such adverse reactions in the leaflet; 
(II) prospectus has been described, but the nature of the 
adverse reactions occur, the degree, the consequences or 
frequency do not agree with manual description or more 
serious, according to the new adverse drug reactions; serious 
ADR: refers to use the drug caused the damage under the 
circumstances of the reaction, including the following 
situations: the cause of death; life-threatening; carcinogenic, 
teratogenic and cause birth defects; lead to significant or 
permanent disability or organs injury; lead to prolonged 
hospitalization, or hospital; lead to other important medical 
event, may be listed in the above case without treatment.

Statistical analysis

We retrospectively checked the patient’s routine blood, 
liver, and kidney function test results acquired before 
chemotherapy in the hospital medical record system 
(MandalaT Software Corporation) and calculated the OPNI 
value. We also collected the NRS 2002 score recorded by 
nursing staff prior to chemotherapy (MandalaT Software 
Corporation). Patients were grouped according to the 
OPNI value, NRS 2002 score, and a combination of scores 
from both measures. By definition, cases were divided into 
low versus high OPNI groups, low versus high NRS 2002 
groups, and a combined ‘good nutrition’ group versus a 
combined ‘poor nutrition’ group.

SSPS v.26.0 software was used for the analysis. 
Normality and homogeneity of variance tests were carried 
out, and measurement data were described by the mean 
and standard deviation (x±s). The Wilcoxon rank-sum 
test was used to compare univariate groups that were 
not normally distributed, whereas the t-test was used to 
compare normally distributed univariate groups. The χ2 test 
was used for comparison of categorical variables between 
groups. A multivariate logistic regression analysis was used 
to assess the key influencing clinical variables associated 
with two significant ADRs: digestive tract damage and 
myelosuppression. A P value <0.05 was considered 
statistically significant.

Results

Comparison of clinical data between the OPNI, NRS 2002, 
and combined assessment groups 

This study retrospectively analyzed 199 patients with 
ADRs acquired after chemotherapy from January 2019 to 
December 2020. Patients were grouped according to the 
different nutritional risk screening assessment methods, 
and the differences in clinical characteristics between the 
groups were compared (Table 1). The difference in BMI 
between the OPNI group and the NRS 2002 group was 
statistically significant. There was no statistically significant 
difference in BMI among the combined assessment groups. 
In addition, the difference in ADR types in the OPNI 
group was statistically significant. The proportion of new 

Table 1 Clinical characteristics comparison of the OPNI, NRS 2002, and combined assessment groups

Variables
OPNI low 

group (n=70)
OPNI high 

group (n=129)
P value

NRS 2002 low 
group (n=159)

NRS 2002 high 
group (n=40)

P value
Combined 

good nutrition 
group (n=177)

Combined 
poor nutrition 
group (n=22)

P value

Gender (case) 0.958 0.751 0.184

Male 35 65 79 21 86 16

Female 35 64 80 19 89 8

Age (x±s) 57.51±12.08 58.43±11.31 0.587 57.72±11.64 59.65±11.28 0.294 57.69±11.65 61.45±10.71 0.116

BMI (kg/m2, x±s) 23.63±3.71 22.35±3.65 0.041 23.03±3.62 21.88±3.97 0.051 22.68±3.70 23.75±3.74 0.262

ADR type 0.04 0.874 0.224

General 37 94 105 26 119 12

Serious 23 27 40 10 43 7

New 10 8 14 4 15 3

OPNI, Onodera Prognostic Nutrition Index; NRS 2002, Nutritional Risk Screening 2002; BMI, body mass index.
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and serious ADRs in the low OPNI group (47.14%) was 
significantly higher than that in the high OPNI group 
(27.13%). The difference in ADR types between the 
NRS 2002 and the combined assessment groups was not 
statistically significant. There was no statistically significant 
difference in gender or age.

Comparison of ADR classification between the OPNI, NRS 
2002, and combined assessment groups  

The 199 patients with ADRs after chemotherapy were 
compared according to the different ADR classifications. 

Rates of digestive tract damage and myelosuppression 
were both significantly different in the OPNI, NRS 2002, 
and combined assessment subgroups. The differences 
between the OPNI, NRS 2002, and combined assessment 
subgroups in ‘other’  ADRs were also statist ically 
significant. In this study, ‘other’ ADRs included nervous 
system damage, fever, chills, vasculitis, etc., which had 
many categories but few absolute cases, so an analysis 
of the individual ADRs could not be conducted. The 
dif ference between the NRS 2002 and combined 
assessment subgroups in skin lesion ADRs was statistically 
significant. There were no significant differences 
within the OPNI, NRS 2002, and combined assessment 
subgroups for liver damage or hand-foot syndrome ADRs. 
The results are shown in Table 2.

Multivariate analysis of the occurrence of digestive tract 
damage  

In this study, a total of 27 patients developed ADRs 
involving digestive tract damage after chemotherapy. A 
multivariate logistic regression analysis was performed 
on the correlation between BMI, gender, age, NRS 2002, 
OPNI, combined assessment, presence or absence of 
metastasis, hemoglobin, complications, and the occurrence 
of digestive tract damage. The occurrence of digestive tract 
damage after chemotherapy was significantly correlated with 
BMI [EXP(B): 1.267, 95% CI: 1.022–1.570, P=0.031], and 
a lower BMI was a high-risk factor for the occurrence of 
ADRs involving digestive tract damage after chemotherapy, 
as shown in Table 3.

Table 2 Comparison of ADR classifications between the OPNI, NRS 2002, and combined application groups

ADR classifications
OPNI low 

group 
(n=70)

OPNI 
high 

group 
(n=129)

χ2 P value
NRS 2002 
low group 
(n=159)

NRS 2002 
high group 

(n=40)
χ2 P value

Combined 
good 

nutrition 
group 

(n=177)

Combined 
poor 

nutrition 
group 
(n=22)

χ2 P value

Digestive tract damage 6 21 8.33 0.004 20 7 6.25 0.012 24 3 16.33 0.000

Myelosuppression 53 77 4.43 0.035 107 23 54.27 0.000 115 15 76.92 0.000

Skin lesions 4 5 0.11 0.739 8 1 5.44 0.020 8 1 5.44 0.020

Liver damage 3 5 0.50 0.480 5 3 0.50 0.480 6 2 2.00 0.150

Hand-foot syndrome 2 6 2.00 0.150 6 2 2.00 0.150 8 0

Others 2 15 9.00 0.003 13 4 6.25 0.012 16 1 12.25 0.000

OPNI, Onodera Prognostic Nutrition Index; NRS 2002, Nutritional Risk Screening 2002; ADR, adverse drug reaction.

Table 3 Logistic regression analysis of clinical characteristics and 
digestive tract damage

Clinical characteristics EXP(B) 95% CI P value

BMI 1.267 1.022–1.570 0.031

Gender 1.455 0.335–6.322 0.617

Age 1.014 0.954–1.077 0.655

NRS 2002 2.094 0.239–18.332 0.504

OPNI 1.368 0.184–10.180 0.760

Combined assessment 2.343 0.026–207.991 0.710

Metastasis 1.450 0.371–5.662 0.593

Hemoglobin 0.963 0.927–1.001 0.054

Complications 1.616 0.400–6.526 0.050

OPNI, Onodera Prognostic Nutrit ion Index; NRS 2002, 
Nutritional Risk Screening 2002; BMI, body mass index; CI, 
confidence interval; EXP, expiry date.
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Multivariate analysis of the occurrence of myelosuppression  

In  th i s  s tudy,  a  tota l  o f  130  pat ients  deve loped 
myelosuppression ADRs after chemotherapy. A multivariate 
logistic regression analysis was performed on the correlation 
between BMI, gender, age, NRS 2002, OPNI, combined 
assessment, presence or absence of metastasis, hemoglobin, 
complications, and the occurrence of myelosuppression. 
There was a significant correlation between the occurrence 
of myelosuppression after chemotherapy and BMI [EXP(B): 
1.213, 95% CI: 1.020–1.443, P=0.029]. A low BMI was 
a high-risk factor for myelosuppression-type ADRs after 

chemotherapy, as shown in Table 4.

Consistency analysis between NRS 2002 and OPNI, and 
between NRS 2002 and the combined assessment 

NRS 2002 demonstrated a poor consistency with OPNI in 
the diagnosis of nutritional risk but had a good consistency 
with the combined assessment diagnosis of nutritional risk. 
See Tables 5,6.

Discussion

Chemotherapy is currently the primary treatment for 
preventing cancer metastasis and for metastatic middle-
to-advanced stage cancers. While killing cancer cells, 
chemotherapy drugs also damage rapidly proliferating 
normal cells, often leading to a series of adverse reactions, 
such as digestive tract damage, myelosuppression, and 
hair loss, etc. (4,5). Therefore, it is critically important to 
evaluate the types of ADRs caused by chemotherapy and 
their related risk factors by screening the nutritional status 
of patients to maximize patient management before and 
after chemotherapy. The OPNI index is a simple and easy 
calculation using routine clinical measures and has good 
diagnostic efficiency in assessing nutritional risk. The NRS 
2002 is a widely used current nutritional risk screening 
tool recommended by the Parenteral and enteral nutrition 
clinical diagnosis and treatment guidelines nutrition (2008). 
By combining both assessments, is an innovative attempt to 
guide the clinical. 

This study retrospectively analyzed 199 patients 
with ADRs after cancer diagnosis and chemotherapy 

Table 4 Logistic regression analysis of clinical characteristics and 
myelosuppression

Clinical characteristics EXP(B) 95% CI P values

BMI 1.213 1.020–1.443 0.029

Gender 1.354 0.437–4.194 0.599

Age 1.009 0.963–1.057 0.711

NRS 2002 0.933 0.140–6.212 0.943

OPNI 0.509 0.113–2.305 0.381

Combined assessment 2.517 0.047–134.730 0.649

Metastasis 2.219 0.782–6.295 0.134

Hemoglobin 0.981 0.952–1.010 0.202

Complications 1.038 0.329–3.279 0.949

OPNI, Onodera Prognostic Nutrit ion Index; NRS 2002, 
Nutritional Risk Screening 2002; BMI, body mass index; CI, 
confidence interval; EXP, expiry date.

Table 5 Analysis of consistency between NRS 2002 and OPNI 
diagnosis of nutritional risk

 Consistency
OPNI

Total
Low group High group

NRS 2002

Low group 48 112 160

High group 22 17 39

Total 70 129 199

Kappa value −0.141

T value −3.097

P value 0.002

OPNI, Onodera Prognostic Nutrit ion Index; NRS 2002, 
Nutritional Risk Screening 2002.

Table 6 Analysis of consistency between NRS 2002 and combined 
assessment diagnosis of nutritional risk

Consistency
Combined assessment

Total
Good Poor

NRS 2002

Low group 160 0 160

High group 17 22 39

Total 177 22 199

Kappa value 0.675

T value 10.073

P value 0.000

NRS 2002, Nutritional Risk Screening 2002.
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implementation. The difference in BMI between the OPNI 
and NRS 2002 subgroups was statistically significant, 
and the difference in ADR types in the OPNI group 
was statistically significant. The proportion of new and 
severe ADR types in the low OPNI group (47.14%) was 
significantly higher than that in the high OPNI group 
(27.13%). The differences in the OPNI, NRS 2002, and 
combined assessment groups in the two ADR categories of 
digestive tract injury and myelosuppression were statistically 
significant. Of the total ADR types, the incidence of 
digestive tract damage and myelosuppression was relatively 
high, with 27 cases and 130 cases, respectively. A logistic 
regression analysis was conducted for these two ADRs 
to evaluate the correlation between clinical variables and 
digestive tract damage or myelosuppression. We found 
that low BMI was a high-risk factor for both digestive tract 
damage and myelosuppressive ADRs after chemotherapy. 
We also analyzed the consistencies between NRS 2002 
and OPNI, and NRS 2002 with the combined assessment. 
The analysis showed that the consistency between NRS 
2002 and OPNI was not high, but the consistency between 
NRS 2002 and the combined assessment was relatively 
high. Cai et al. (2) believe that when the OPNI value is 
45.8. Receiver operating characteristics of PNI and patient 
survival were plotted according to follow-up survival (ROC) 
curve to determine the optimal cutoff of PNI. it has a good 
consistency with NRS 2002, which is inconsistent with the 
conclusion of this study. We believe this may be related to 
the characteristics of the samples in this study. This study 
retrospectively analyzed a group of patients with ADRs after 
chemotherapy. OPNI, NRS 2002, and the combined use 
of OPNI and NRS 2002 scores were selected as the study 
samples for the screening of nutritional risk. Therefore, this 
study did not take nutritional risk as a functional category 
to predict the occurrence of ADRs. Instead, we studied the 
role of nutritional risk in assessing the type, classification, 
and factors related to ADRs.

Studies  have shown that  in  pat ients  receiv ing 
chemotherapy, the incidence of digestive tract damage 
is as high as 40–100%, mainly presenting as oral ulcers, 
nausea, vomiting, abdominal pain, diarrhea, malnutrition, 
etc. Digestive tract damage not only seriously affects 
patients’ quality of life, prolongs the length of hospital 
stay, and increases the cost of treatment but may also lead 
to treatment failure (6-8). The occurrence of this kind of 
adverse drug reaction may be related to the imbalance of 
intestinal flora caused by chemotherapy. Myelosuppression 
is one of the common chemotherapy-related dose-limiting 

side effects (9), including leukopenia, thrombocytopenia, 
neutropenia, etc. When considering chemotherapy drugs 
regimen involving chemotherapeutic agents suspected of 
causing digestive tract damage, such as those associated with 
a high risk of therapy-induced nausea and vomiting (10,11) 
(cisplatin, carboplatin, cyclophosphamide, doxorubicin, 
etc.), and chemotherapeutic agents with an increased risk 
of myelosuppression (paclitaxel, fluorouracil, gemcitabine, 
doxorubicin, cyclophosphamide, etc.), treating physicians 
should consider the use of a combined nutritional risk 
screen to assess the nutritional status of patients prior to 
commencing chemotherapy. For patients identified as 
nutritionally at-risk after screening, their treating doctor 
would be able to foresee potentially serious ADRs and 
the increased risk of myelosuppression and digestive tract 
damage. According to the study, doctors can preventive 
intervention, reduce the occurrence of serious ADRs. Such 
as to improve the nutritional status of patients, especially 
in patients with chemotherapy regimens with high 
myelosuppression and high emetic risk. It is particularly 
important to improve the nutritional status of patients. In 
addition, the preventive use of some drugs, such as prevent 
use of anti-nausea drugs, prevent the use of G-CSF, etc.

Serious ADRs can lead to termination of chemotherapy, 
prolonged hospitalization time, increased hospitalization 
costs, and even life-threatening conditions. Therefore, 
preventive measures can be taken in advance to improve 
the nutritional status of patients and initiate the use of 
antiemetic drugs or G-CSF to ensure the success of the 
chemotherapy program (12-14).

In conclusion, NRS 2002 combined with OPNI can 
be used as a valuable method to evaluate the type and 
classification of ADRs in patients undergoing chemotherapy. 
Malnourished patients are more likely to develop serious 
ADRs during chemotherapy and have a higher incidence of 
digestive tract damage and myelosuppression. The use of 
NRS 2002 and NRS 2002 combined with OPNI showed 
good consistency. We believe the combined assessment 
is a better evaluation method to alert doctors to the need 
for early intervention measures in their patients and for 
pharmacists to carry out more rigorous pharmaceutical 
monitoring to improve patients’ ability to tolerate 
chemotherapy and ensure the successful implementation of 
the treatment.
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