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Background: Although the correlation between metabolic abnormality and gastric cancer has 

been extensively investigated, the question of whether metabolic parameters might influence the 

efficacy of chemotherapy in locally advanced gastric cancer is still unanswered. In our present 

study, we investigated the relationship between serum fasting glucose, lipid levels, and histopatho-

logical response of neoadjuvant chemotherapy (NAC) in locally advanced gastric cancers.

Patients and methods: A total of 128 patients were identified from a prospectively main-

tained database of patients with locally advanced gastric cancer who received NAC between 

July 2004 and December 2012. Histopathological response after NAC was analyzed according 

to Becker’s tumor-regression grade. Univariate analyses and multivariable regression analyses 

were performed to determine the correlation between tumor size, differentiation, fasting glucose, 

lipid levels, and tumor histopathological response after NAC.

Results: Univariate analysis revealed that low-density lipoprotein level and total cholesterol, as 

well as tumor size and differentiation, correlated significantly with histopathological response. 

Low-density lipoprotein levels and tumor size were found to be independent predictors for 

histopathological response, according to multivariable regression analyses.

Conclusion: In this observational, hypothesis-generating study, serum low-density lipoprotein 

measurement was found to be useful in predicting chemosensitivity to locally advanced gastric 

cancer patients undergoing NAC. Incorporation of serum low-density lipoprotein levels into 

individualized treatment protocols could be considered in clinical practice.

Keywords: gastric cancer, neoadjuvant chemotherapy, low-density lipoprotein, histopathologi-

cal response, predictive biomarker

Introduction
Gastric cancer is the fourth-most common cancer worldwide and the second-leading 

cause of global cancer deaths. The 5-year overall survival of patients diagnosed with 

gastric cancer is still less than 25%, despite improved surgical and adjuvant treatment 

approaches.1,2 Recent advances in neoadjuvant chemotherapy (NAC) have significantly 

improved the prognosis of gastric cancer patients.3,4 NAC has been proven to improve 

R0 resection rate, progression-free survival, and overall survival, without increasing 

the risk of perioperative morbidity and mortality.5 However, the major clinical response 

rate after NAC has only reached 38%–69.7%,6,7 and it is possible that tumors that 

are potentially curable by appropriate surgery could have progressed while patients 

are receiving NAC, and thus they might be harmed.
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Therefore, NAC requires accurate, noninvasive techniques 

to assess short-term therapeutic response and avoid the 

morbidity and costs of ineffective therapy, which would 

markedly facilitate the use of NAC and improve prognosis 

for gastric cancer patients. The current standard method 

for discriminating chemotherapeutic responders from 

nonresponders is based on postoperative tumor-specimen 

pathologic analysis, which is applicable only in a postopera-

tive setting and cannot be used for either the preoperative 

design of personalized treatment or during the course of 

NAC administration.

Previous studies have also revealed that the conventional 

anatomic imaging modalities (computed tomography, mag-

netic resonance imaging, and endoscopic ultrasonography) 

for assessing tumor volumetry lack reliability for predicting 

response to chemotherapy,8,9 which might be limited in 

interpreting imaging findings due to chemotherapy-induced 

edema and fibrosis. The recently developed technology of 

functional imaging appears to be a promising alterative for 

monitoring chemotherapeutic effects in gastric tumors. Ott et 

al demonstrated that response to preoperative chemotherapy 

could be predicted by 18F-fluorodeoxyglucose positron-

emission tomography during the course of therapy.10 Most 

recently, Ang et al demonstrated that double contrast-

enhanced ultrasonography may represent an innovative tool 

for more accurately predicting histopathological response.11 

However, the sensitivity and specificity of these modalities 

still do not meet clinical requirements, which impedes their 

general acceptance for routine clinical use. Furthermore, 

these imaging technologies are restricted from widespread 

use due to technical complexity and high cost, rendering 

them frequently not amenable to use in smaller, underfunded 

clinics, especially in rural areas.

Numerous preclinical studies have shown that metabolic 

disturbance interferes with important signaling pathways that 

might serve as drivers of tumor initiation and progression. 

Serum metabolic parameters could be promising biomarkers 

to delineate subpopulations susceptible to adverse events, and 

thus may play a potential role in predicting chemosensitivity 

for cancer patients prior to commencement of chemotherapy. 

Accumulating epidemiological evidence has linked metabolic 

syndrome as well as its individual components with an 

increased risk of colorectal cancer,12 breast cancer,13,14 endo-

metrial cancer.15 Of considerable potential interest is the fact 

that levels of low-density lipoprotein (LDL)-derived lipids 

have proven to be a predictive biomarker for capecitabine-

associated toxicity in colon cancer patients.16 Another 

study demonstrated that patients with metastatic cancer and 

concurrent metabolic syndrome showed increased resistance 

to standard treatments, as measured by treatment–response 

assessment.17 Moreover, another study identified fasting 

serum glucose and triglyceride concentrations as clinically 

useful pharmacodynamic markers of mTOR inhibition.18

For gastric cancer, it is believed that serum lipids and 

glucose levels might also influence cancer risk and prognosis. 

The positive or negative associations between gastric cancer 

and serum metabolic parameters (including glucose, total 

cholesterol, triglycerides, and LDL cholesterol)19–24 have 

been extensively investigated. However, these studies 

looked only at the association between the serum metabolic 

parameters and impaired tumor initiation, not the remis-

sion of preexisting tumors after treatment (the latter being 

the more clinically relevant situation). Recently, Wei et al 

demonstrated that metabolic syndrome was associated with 

better tumor-cell differentiation and was an independent 

predictor for better survival in a subgroup of patients with 

early stage gastric cancer.25 There have been virtually no 

studies regarding the relevance of these metabolic syndrome 

factors to chemotherapy efficacy in gastric cancer, despite 

the considerable overlap between these hormones in terms of 

their receptors and intracellular signaling pathways. In this 

study, we attempted to clarify the value of pretreatment 

serum fasting glucose and lipids for predicting gastric cancer 

chemosensitivity in a neoadjuvant setting.

Patients and methods
Patients and tumor characteristics
This study included 128 consecutive locally advanced gastric 

cancer patients (clinically staged as T2 and above or with 

lymph-node metastasis) who had undergone NAC followed 

by surgical resection at the Surgical Oncology Department, 

Sir Run Run Shaw Hospital, Zhejiang University School of 

Medicine, between July 2004 and December 2012. The study 

protocol was approved by the institutional review board of Sir 

Run Run Shaw hospital. Written informed consent according 

to institutional guidelines was obtained from all patients.

Twelve patients were excluded: pretreatment serum 

glucose or lipid levels were unavailable in eleven cases, and 

one patient had undergone laparotomy and histopathological 

response could not be assessed. Clinical staging was based 

on the International Union Against Cancer and American 

Joint Committee on Cancer TNM system on gastric cancer. 

Information on patient demographics and tumor character-

istics, such as age, sex, stage, presence of regional lymph-

node or distant metastases, histological subtype, tumor 

grade according to World Health Organization classification, 
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serum glucose, lipid level, and body mass index (BMI), was 

obtained from our prospectively collected and computerized 

institutional databases.

Pretreatment blood samples were taken to measure fasting 

glucose, complete lipid profile, including total cholesterol, 

LDL, high-density lipoprotein, very LDL, and triglycerides. 

These pretreatment parameters were categorized into two 

groups according to normal reference ranges (summarized 

in Table 1). BMI was calculated from patients’ measured 

height and weight. All measurements were taken prior to 

NAC administration according to fixed protocols. Patients 

underwent a treatment assessment scan every two cycles of 

NAC, and standard Response Evaluation Criteria in Solid 

Tumors criteria (version 1.1) were used to assess response 

to treatment and determine subsequent strategy.26

Histopathological response evaluation
The Becker score was implemented to evaluate histopatho-

logical response, based on an estimation of the percentage 

of residual tumor tissue in relation to the macroscopically 

identifiable tumor bed.27 Tumor regression was classified 

into three grades: grade 1, complete or subtotal regression 

(10% residual tumor per tumor bed); grade 2, partial tumor 

regression (10%–50% residual tumor per tumor bed); and 

grade 3, minimal or no tumor regression (50% residual 

tumor per tumor bed). All patients with grade 1 or 2 regres-

sion were classified as responders, while grade 3 was defined 

as a pathologic nonresponse. The Becker system uses the 

percentage of viable tumor cells as a measure of response, 

an approach that appears to be more easily and reproducibly 

identifiable than the use of the degree of fibrosis and tumor 

necrosis employed by the other two scoring systems.28–30

Statistical analysis
Continuous variables are reported as mean ± standard devia-

tion. Fisher’s exact or χ2 tests were used to assess correlations of 

discrete covariate distributions and histopathological response 

groups. Student’s t-test (for parametric distribution) or the 

Mann–Whitney U test (for nonparametric distribution or distri-

butions not meeting criteria for normality and homogeneity of 

variance) was applied to compare continuous variables between 

two subgroups. Multivariate logistic regression models were 

performed to assess the association between histopathological 

response and potentially predictive parameters adjusted for dif-

ferent clinicopathological covariates (ie, age, sex, tumor stage 

and grade, and metastatic status). SPSS 19.0 (IBM Corporation, 

Armonk, NY, USA) was used for statistical assessment. In all 

tests, two-sided P0.05 was considered significant.

Results
Clinicopathological characteristics 
and pathologic tumor response after 
neoadjuvant chemotherapy
Our patient population with measurable clinicopathological 

information consisted of 88 (75.9%) males and 28 (24.1%) 

females with a mean (median) age of 59.03±10.378 years 

(range: 28–78 years). The median BMI for all patients was 

21.72±2.97 kg/m2. Pathologic tumor response after NAC 

was evaluated based on Becker’s score. Tumor regression 

was grade 1 in 16 patients (13.8%), grade 2 in 56 patients 

(48.3%), and grade 3 in 44 patients (37.9%). Therefore, 72 

(62.1%) patients were categorized as pathologic responders 

and 44 (37.9%) categorized as pathologic nonresponders 

(summarized in Table 2). Details of patient management and 

clinicopathological features are summarized in Table 3.

Clinicopathological variables predicting 
pathologic tumor response
For univariate analysis, clinicopathological parameters 

and treatment variables – age, sex, BMI, clinical T and 

N staging, tumor location, differentiation, macroscopic 

type, tumor size, chemotherapy regimens, serum fasting 

glucose, and lipid profile – were documented to determine 

correlation with tumor regression. Univariate predictors of 

Table 1 Reference range of fasting serum glucose and lipid profiles

Metabolic variables Normal (optimal),  
mg/dL

High, 
mg/dL

Glucose 70–100 120
Triglycerides 150 150
Total cholesterol 200 200
Low-density lipoprotein 100 100
Very low-density lipoprotein 30 30
High-density lipoprotein 60 60

Table 2 Pathological response after neoadjuvant chemotherapy according to Becker score

Response Grade Frequency Percentage

Pathological response Grade 1 (10% residual tumor per tumor bed) 16 13.8
Grade 2 (10%–50% residual tumor per tumor bed) 56 48.3

Pathological nonresponse Grade 3 (50% residual tumor per tumor bed) 44 37.9
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tumor regression included tumor differentiation (P=0.013), 

tumor size (P0.001), total cholesterol (P=0.008), and LDL 

(P=0.008) (summarized in Table 2).

For multivariate analysis, a logistic regression model was 

utilized to evaluate the relationship between each dependent 

variable. Variables studied on univariate analysis were 

entered into the logistic regression model. Multivariable 

analysis yielded two independent predictors of tumor regres-

sion: tumor size (P=0.024) and LDL (P=0.001). Patients with 

smaller tumors and higher LDL levels tended to benefit more 

from NAC (summarized in Table 4).

Discussion
In this observational, hypothesis-generating study using 

NAC as an in vivo chemosensitivity test, we demonstrated 

that serum LDL and tumor size may predict the likelihood of 

benefit from NAC in patients with locally advanced gastric 

cancer. Utilizing the Becker score27 to evaluate post-NAC 

histopathological response, we demonstrated that patients 

with higher LDL levels and smaller tumors tended to be more 

sensitive to NAC. While the biological mechanism for such a 

relationship has yet to be determined, to our knowledge this 

is the first study to demonstrate that serum LDL levels may 

be correlated with histopathological response from NAC.

Gastric cancer represents an enormous clinical and 

economic burden to health care systems worldwide, particu-

larly in Asian countries, such as Japan, the People’s Republic 

of China, and South Korea. The high disease incidence and 

Table 3 Univariate analysis to identify predictors of tumor 
regression in patients with neoadjuvant chemotherapy

Characteristic Tumor-regression grade P-value

Grades 1 and 2, n Grade 3, n

Age, years 0.771
60 34 22
60 38 22
Sex 0.537
Male 56 32
Female 16 12
BMI, kg/m2 0.377
20 19 15
 53 29
Tumor location 0.713
Upper body 12 7
Middle body 19 8
Lower body 38 26
Diffuse type 3 3
Tumor differentiation 0.013
Differentiated 29 8
Undifferentiated 43 36
Tumor size, cm 4.02±2.26 6.15±2.9 0.001
Borrmann type 0.488
I 6 3
II 23 9
III 37 26
IV 6 6
Clinical T classification 0.111
cT2 10 1
cT3 52 37
cT4 10 6
Clinical N classification 0.371
cN- 22 17

cN+ 50 27
Chemotherapy regimen 0.582
FOLFOX 51 35
ECF or modified ECF 14 6
Othersa 7 3
Chemotherapy cycles 0.985
2 19 11
3 18 11
4 35 22
Surgical type 0.132
Radical 62 33
Palliative 10 11
Glucose 0.933
70–100 mg/dL 48 29
120 mg/dL 24 15
Triglycerides 0.103
150 mg/dL 55 39
150 mg/dL 17 5
Total cholesterol 0.008
200 mg/dL 59 43
200 mg/dL 13 1
Low-density lipoprotein 0.008
100 mg/dL 48 39
100 mg/dL 24 5

(Continued)

Table 3 (Continued)

Characteristic Tumor-regression grade P-value

Grades 1 and 2, n Grade 3, n

Very Low-density lipoprotein 0.692
30 mg/dL 50 29
30 mg/dL 22 15
High-density lipoprotein 0.443
60 mg/dL 10 4
60 mg/dL 62 40

Note: aRadiochemotherapy and paclitaxel-based.
Abbreviations: BMI, body mass index; FOLFOX, folinic acid + fluorouracil + oxaliplatin; 
ECF, epirubicin + cisplatin + fluorouracil.

Table 4 Multivariate logistic analysis to identify predictors of 
tumor regression in patients with neoadjuvant chemotherapy

Variables Odds ratio 95% CI P-value

Low-density lipoprotein  
(100 mg/dL vs 100 mg/dL)

3.187 1.164–8.728 0.024

Tumor size 1.636 1.213–2.207 0.001

Abbreviation: CI, confidence interval.
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poor outcomes continue to make gastric cancer a topic of 

active clinical and basic scientific research. NAC has become 

a standard-care regimen for patients with locally advanced 

gastric cancer. Indeed, NAC has been proven to improve R0 

resection rate, progression-free survival, and overall survival, 

without affecting perioperative morbidity and mortality in 

locally advanced gastric cancer.3–5 However, the selection of 

appropriate patients who will benefit from NAC remains an 

important clinical issue. Our ability to predict the chemosen-

sitivity of NAC properly has not kept pace with its increasing 

importance in cancer treatment. Ineffective chemotherapy 

exposes patients to potentially avoidable toxicity and delays 

surgical treatment, during which time there is potential for 

disease progression.

A technique for measuring response to NAC prior to 

initiation of medical treatment would greatly aid clinicians in 

designing precision cancer treatments. Many types of predic-

tive tools have been investigated, but widespread implemen-

tation is hindered by lack of reliability8,9 and accessibility, as 

well as the complexity of the modalities.10,31–33 There is a clear 

and unmet need for predictive tools or guidance that could 

provide information to support treatment decision making 

in these clinical situations.

Most recently, Liu et al demonstrated that the levels of 

Let7i in pretreatment tumor tissue might be a potential tissue 

marker for the prediction of chemotherapeutic sensitivity in 

patients with locally advanced gastric cancer.34 Moreover, 

our previous study also showed that Lin28 expression was 

correlated with pathologic tumor response in locally advanced 

gastric cancer patients undergoing NAC.35 Although this was 

a well-designed study, measurement of tissue Let7i is still not 

validated or readily available in the clinical setting. Serum 

biomarkers offer the opportunity for more objective and 

reproducible measurements prior to administration of NAC, 

and so the utility of LDL as a worldwide well-standardized 

and validated parameter should not be underestimated. Our 

present study suggested that LDL, an inexpensive and readily 

available validated laboratory parameter, may be a clinically 

relevant pharmacodynamic marker of response to NAC for 

locally advanced gastric cancer.

There continues to be insufficient evidence to warrant 

serum LDL for predictive use in therapeutic decision making. 

However, the incorporation of this and other molecular 

prediction tools for more specifically characterizing patients 

should certainly be assessed in prospective gastric cancer 

NAC studies. Such a strategy should not only identify 

unresponsive cases in a timely manner, in order to initiate 

individualized treatment options, but also provide alternative 

end points for identifying nonresponders and prognostic 

parameters for assessing individual prognosis.36 In our current 

study, which included the predictive value of LDL for NAC 

efficacy, we also found that high LDL was correlated with 

better prognosis (data not shown).

Although the correlation between serum LDL and cancer 

risk has been extensively investigated, a potential role for 

LDL in predicting chemosensitivity has not been reported. 

LDL cholesterol appear to be associated with increased risk 

for gastric dysplasia,24 which is believed to be the penultimate 

stage of gastric carcinogenesis.37 In addition, high serum 

cholesterol levels have been proven to be an independent 

protective factor for developing gastric cancer, a fact which 

is particularly true for early gastric cancer and in particular 

intestinal-type gastric cancer.21 Serum total-cholesterol levels 

were inversely associated with risk of total cancer in males, 

with strong inverse associations in particular with gastric can-

cer.22 Along with circulating lipids, an experimental study has 

shown that dietary lipids may induce local inflammation in 

the alimentary tract, a phenomenon that is thought to enhance 

the development of gastrointestinal malignancies.38

This study expands on the existing literature by dem-

onstrating that in addition to their roles in gastric cancer 

development, serum LDL levels can be used to predict the 

chemosensitivity of NAC in locally advanced gastric cancers. 

Furthermore, this study adds to the growing body of litera-

ture suggesting that serum metabolic parameters, including 

lipids and glucose, may be useful to predict the efficacy of 

cancer treatment. For example, metabolic syndrome had been 

implicated in the increasing resistance to standard treatments 

in metastatic breast cancer patients.17 Moreover, another 

study revealed that changes in fasting serum glucose and 

triglyceride concentrations might be independent predictive 

biomarkers for mTOR inhibition.18

To date, the precise molecular mechanism by which LDL 

levels might affect chemotherapy response is not known. 

Based on the phenomena observed in the present study, as 

well as a review of currently available literature, we propose 

four potential mechanisms that might explain, at least 

partially, why pretreatment high serum LDL is correlated 

with histopathological response: 1) since the efficacy of 

chemotherapy is suspected to be strongly influenced by a 

variety of host factors responsible for the agent’s metabolism, 

high LDL levels may influence the host’s ability to metabo-

lize antineoplastic agents, resulting in different histopatho-

logical response; 2) since many chemotherapeutic agents 
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attack tumor cells in the replicative phase, high LDL might 

be synergistic; 3) LDL receptors are upregulated in many neo-

plastic cell lines,39,40 and uptake of extracellular cholesterol 

through the LDL receptor increases,41 which could result in 

increasing toxic-drug uptake in tumor cells; importantly, the 

LDL-receptor endocytic pathway can be used as a gateway for 

delivery of anticancer drugs to tumor tissues;42 4) circulating 

microRNAs are relatively stable in plasma, and are a new 

class of disease biomarkers; research has demonstrated that 

high-density lipoprotein transports endogenous microRNAs 

and delivers them to tumor cells with functional targeting 

capabilities;43 LDL might also participate in intercellular 

communication concerning transportation and delivery of 

microRNAs, which have already been well established as 

critical players in chemotherapy resistance.44

Undoubtedly, much work has yet to be done to tease out 

the molecular underpinnings behind this relationship, but 

such findings could have a major impact not only on which 

patients with advanced gastric cancer should receive NAC 

but also how this information may be interpreted and acted on 

by both research participants and clinicians. The possibility 

that circulating factors (in this study, LDL) may be associated 

with chemotherapy response is appealing, because it could 

support and promote further research on other predictive 

biomarkers for response to chemotherapy, as well as drug-

resistance mechanisms, in patients with cancers treated with 

similar types of chemotherapy.

As a retrospective observational study with relatively 

small sample size, this study was limited by lack of complete 

information about the use of cholesterol-inhibiting drugs, 

and might have been confounded by the use of different 

NAC regimens and cycles. Therefore, the present correlation 

between LDL and tumor regression should be interpreted 

cautiously until a large-scale, well-designed prospective 

study is available.

Conclusion
Though requiring further confirmation, this primary 

evidence indicates that LDL may be incorporated as part 

of a personalized approach to predictions of efficacy from 

NAC in locally advanced gastric cancer. Assuming future 

research supports this finding, it is reasonable to propose 

that the optimal utilization of NAC may be at least partially 

based on serum LDL levels.
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