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Abstract

Background The purpose of our study is to investigate the expression level and prognostic value of serum
a-hydroxybutyrate dehydrogenase (a-HBDH) in lung cancer (LC) patients.

Method LC patients treated in the Department of Oncology, Shaanxi Provincial Cancer Hospital from January 2014 to
December 2016 were included in this study, all of whom underwent serological detection of a-HBDH prior to admis-
sion, and were enrolled in follow-up 5-year survival. Comparing the differences between high group and normal
groups based on a-HBDH and LDH expression via clinicopathological parameters and laboratory data. Univariate and
multivariate regression and overall survival (OS) were analyzed to explore whether elevated a-HBDH was an inde-
pendent risk factor for LC, compared to LDH.

Results Multivariate regression analysis showed that age (P=0.018), liver metastasis (P=0.011), a-HBDH (P=0.015),
and neutrophil-to-lymphocyte ratio (NLR) (P=0.031) were independent prognostic factors affecting OS in LC patients.
The overall diagnostic efficacy of a-HBDH (AUC =0.887) was higher than that of LDH (AUC=0.709) in the ROC curve.
The sensitivity was significantly higher of a-HBDH (sensitivity: 76.06%, specificity: 94.87%) compared with LDH (sen-
sitivity: 49.30%, specificity: 94.87%). The median of OS was more significant in the high-a-HBDH group (6.4 months)
than in the normal-a-HBDH group (12.7 months) (P=0.023). The median of OS was significant in the high-LDH (> 245
U/L) group at 5.8 months and 12.0 months in the normal-LDH (< 245 U/L) group (P=0.068).

Conclusions Elevated expression of a-HBDH may indicate a poor prognosis of LC patients. It has a higher sensitivity
than LDH and can be used as a potential early biomarker and an independent risk factor predicting the prognosis of
LC survival.
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Introduction
Serum a-hydroxybutyrate dehydrogenase (a-HBDH) is
an isoenzyme of lactate dehydrogenase (LDH), and its
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tis [6], liver injury [7], and AIDS [8], which can be used
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as a potential early biomarker and an early prognostic
indicator.

When cardiomyocytes are damaged, hydroxybutyrate
dehydrogenase is released into the serum in large quan-
tities, so it can be used as an indicator of myocardial
damage [9]. Subsequently, researchers found that some
patients with acute and chronic malignant tumors had
abnormally elevated serum a-HBDH levels. It has been
observed that serum a-HBDH is significantly elevated
in patients with some hematological tumors [10] and
malignant ovarian tumors [11]. Early scholars found that
intracranial tumors can also lead to the abnormal eleva-
tion of a-HBDH and concluded that it may be used as
an indicator of poor prognosis [12]. Khanolkar et al.
study found that serum a-HBDH levels were elevated in
patients with testicular tumors than in healthy subjects
[13]. Therefore, we believe that this index may also be
increased in malignant tumors, but there are few studies
in this area.

Lung cancer (LC) is still one of the major malignant
tumors that seriously endanger human health. Few stud-
ies have assessed the value of serological a-HBDH as a
predictor and prognostic indicator in LC patients [14].
Therefore, we hypothesized that serum oa-HBDH is
associated with LC prognosis and explored the value of
a-HBDH for prognosis in LC.

However, there are some studies on the abnormal
expression of LDH in tumors, and many scholars take it
as one of the prognostic indicators [15, 16]. Existing stud-
ies have demonstrated that elevated LDH in tumor tissue
is associated with the clinical outcomes of multiple can-
cers, including renal cell carcinoma, melanoma, prostate
cancer, lung cancer, and colorectal cancer [17, 18]. Could
a-HBDH also be a biomarker for the prognosis and diag-
nosis of lung cancer? How are its sensitivity and speci-
ficity compared to LDH? There are also few comparing
studies on the specificity and sensitivity of a-HBDH and
LDH expression as biomarkers in the serum of tumor
patients [13, 19]. So this study also compared the speci-
ficity and sensitivity of the a-HBDH and LDH, providing
data support for the biological indicators of tumor pre-
diction and prognosis of LC patients.

Materials and methods

Study population

This study was approved by the Ethics Committee of
Shaanxi Provincial Cancer Hospital (No. 2021072),
and the ethics committee approved an exemption from
informed consent for this study. All methods were car-
ried out in accordance with relevant guidelines and
regulations. Collected LC patients with serum a-HBDH
and LDH test results were hospitalized in Shaanxi Pro-
vincial Cancer Hospital from January 2014 to December
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2016, excluded other clinical diseases associated with
abnormal a-HBDH and LDH, such as cardiac disease,
muscular dystrophy, vitamin B12 deficiency, hemolytic
anemia, renal infarction, renal vascular embolization,
and cachexia. Finally, we obtained 71 eligible LC patients,
including 52 males and 19 females, aged between 39 and
87 years. Clinic pathological data were obtained from
patients’ electronic medical records, which included age,
gender, smoking history, tumor stage, lymph nodes, and
metastasis of other sites (liver, kidney, brain, and bone),
clinical routine, and biochemical and tumor markers.

Follow-up

This study logged into the medical record system of
Shaanxi Cancer Hospital and obtained the basic infor-
mation and general information of patients by consulting
the inpatient history. In addition, medical records were
screened according to the aforementioned inclusion and
exclusion criteria. The screened cases were followed up.
Through telephone follow-up and consulting the follow-
up table, we obtained the main contents of the follow-up,
involving the time of death, cause of death, and cur-
rent living conditions. The study follow-up deadline was
December 31, 2021. Cases affecting the results of the
study, such as deaths due to accidents or other diseases,
were excluded based on the exclusion criteria and the
cause of death obtained. All the families included in the
study were informed that their cases had been included
in a retrospective study and had passed ethical review.

Data collection

General data including gender, age, tumor type, stage,
and metastasis were collected. Hematological data
were collected at pre-admission examination, including
a-HBDH, LDH, homocysteine (HCY), fibrinogen (FIB),
carcinoembryonic antigen (CEA), alpha-fetoprotein
(AFP), total protein (TP), albumin (ALB), total calcium
(Ca), leukocyte (WBC), neutrophil-to-lymphocyte ratio
(NLR), and platelets (PLT) values. All patients’ electronic
medical records and laboratory test results were reviewed
by an independent physician.

The a-HBDH, LDH, HCY, TP, ALB, and Ca were ana-
lyzed by AU5800 Fully Automatic Biochemical analyzer
from Beckman Coulter (American) Co., Ltd., WBC and
PLT were analyzed by BC-6800 Fully Automatic Serum
Cell analyzer from Mindray Medical International (Shen-
zhen) Co., Ltd., AFP and CEA were analyzed by E411
Automatic Immunoanalyzer from Roche Diagnostic
Products (Shanghai) Co., Ltd., and FIB was analyzed by
STA-R Fully Automatic Hemagglutator from Stago Diag-
nostic Technology (Tianjin) Co., Ltd. During the test,
quality control was carried out with the supporting qual-
ity control materials of the instruments.
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Statistics

In this study, categorical variables were described as pro-
portions and were compared by using y* tests. Continu-
ous variables were described as mean (x =+ SD) or median
(IQR). Comparisons of continuous variables between
groups were done using ¢ tests, one-way ANOVA, or
equivalent non-parametric tests. The Cox proportional
hazards regression model was used to perform the analy-
sis a-HBDH with overall survival (OS). The ROC curves
were evaluated for the diagnostic efficacy of the patient
a-HBDH and LDH. The application SPSS 23.0 was used
for all statistical comparisons, and the significant statis-
tical level was set at the threshold of p<0.05. The com-
parison of ROC curves and OS by GraphPad Prism 9.0
software (GraphPad Software, Inc.). The cutoff level of
a-HBDH was set to a normal upper limit of 220 U/L, and
the cutoff level of LDH was set to a normal upper limit of
245 U/L according to the reference range established in
our laboratory.

Results
Clinical characteristics and baseline demographics of LC
patients
Seventy-one patients with lung cancer were included in
this study sequence. As shown in Table 1, the mean age
of the study cohort was 64.2 years. Of the 71 patients,
52 were male and 19 were female. Twenty-five of the
71 patients (35%) had a history of smoking. Of the 71
patients, 45% (32) had lymph node metastases, 27% (19)
had bone metastases, 18% (13) had brain metastases, 8
(11%) had liver metastases, and 3 (4%) had renal metas-
tases. Among the 71 patients, 12 (17%) were in the low
stage (stages I and II) and 59 (83%) were in the high stage
(stages III and IV). Of the 71 patients, 17 (24%) were
small cell lung cancer, 36 (51%) were lung adenocarci-
noma, and 18 (25%) were squamous cell carcinoma. The
average a-HBDH was 307 £ 152 U/L before admission.
Based on a-HBDH level, of the 71 patients, 27 were
assigned to the normal-a-HBDH group (<220 U/L),
while 44 were assigned to the high-a-HBDH group (>220
U/L). Table 1 Statistical calculation results showed that
there were statistically significant differences in gender
(P=0.021) and lymph node metastasis (P=0.042) time
between the high-a-HBDH group and the normal-a-
HBDH group in general clinical data. LDH (P<0.001)
and NLR (P=0.04) were statistically different between
the two groups.

a-HBDH was an independent factor for overall survival

in univariate and multivariate cox regression

As shown in Table 2, the univariate analysis found that
age, liver metastasis, a-HBDH, ALB, WBC, and NLR
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were associated with overall survival with a statistical
difference (P<0.05). In order to include as many clini-
cal indicators as possible, we included all parameters of
P<0.1 in the multivariate cox analysis, the result showed
that age, liver metastasis, «-HBDH, and NLR levels were
still major factors affecting survival.

ROC of a-HBDH and LDH for LC

In addition, ROC analysis of LC showed a higher AUC
value in o-HBDH (AUC=0.887, 95%Cl 0.827-0.947,
P<0.0001) than LDH (AUC=0.709, 95%Cl 0.615-0.803,
P=0.0003). The optimal clinical cutoff value of a-HBDH
for distinguishing LC patients was 197 U/L, which pro-
vided a 76.06% sensitivity and a 94.87% specificity, which
was higher than the sensitivity (49.30%) of LDH. The
results showed a higher overall diagnostic efficacy of
a-HBDH than LDH (Fig. 1).

OS of a-HBDH and LDH for LC

In this study, compared with the normal group of
a-HBDH (12.7 months, 95%Cl 0.8-46.4), the group
of high-a-HBDH had a significantly lower median OS
(6.4 months, 95%Cl 0.2-26.0), and the difference was
statistically significant (P=0.023). The median OS of the
LDH > 245 U/L group was 5.8 (95%Cl 0.1-34.4) months,
and the LDH <245 U/L group was 12.0 (95%Cl 0.3-44.7)
months; however, the difference was not statistically sig-
nificant (?=0.068) (Fig. 2a, b).

Discussion

Lung cancer (LC) is one of the most common malignant
tumors with high morbidity and mortality and seriously
endangers human life and health [20]. Early assessment
of the severity of LC is a key factor in determining treat-
ment strategies. At present, the diagnosis of LC is mainly
based on low-dose spiral CT and serological tumor
markers [21]. Some serological tumor markers have poor
sensitivity and specificity, so we need to find more bio-
markers to improve the diagnostic efficacy and make a
more accurate judgment of the severity and prognosis of
the disease. Usually, serum a-HBDH and LDH are com-
mon biochemical index in the laboratory, and a-HBDH
was generally detected by the a-ketobutyrate method
and LDH was lactate method, which was simple and
quick detection method by using a fully automated bio-
chemical analyzer. In this study, we found that the level
of a-HBDH was elevated easier compared with the other
conventional biochemical indexes in LC patients. This is
consistent with some studies in intracranial and testicu-
lar tumors [12, 13, 19]. This indicates that the serum level
of this index is also abnormally elevated in patients with
lung cancer.
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Table 1 Comparison of clinical characteristics and laboratory data of serum a-HBDH in LC patients
Variables Cases(n=171) a-HBDH >220U/L (n=44) a-HBDH < 220U/L (n=27) p value
Clinical characteristic
Age (mean=+SD), years 6424+11.0 635+118 65.34+10.1 0.699
Gender
Male 52 (73%) 28 (64%) 24 (89%) 0.021*
Female 19 (27%) 16 (36%) 3(11%)
Smoking 25 (35%) 15 (34%) 10 (37%) 0.802
Metastasis
Liver 8 (11%) 6 (14%) 2 (7%) 0.640
Lymphnodes 32 (45%) 24 (55%) 8 (30%) 0.042*
Kindey 3 (4%) 2 (5%) 1 (4%) 0.865
Brain 13 (18%) 10 (23%) 3(11%) 0222
Bone 19 (27%) 15 (34%) 4 (15%) 0.077
Staging (I+1I/1141V)
Low (I+11) 12 (17%) 5(11%) 7 (26%) 0.096
High (14 1V) 59 (83%) 39 (89%) 20 (74%)
Classification
Small-cell carcinoma 17 (24%) 12 (27%) 5(19%) 0.109
Adenocarcinoma 36 (51%) 24 (55%) 12 (44%)
Squamous cell carcinoma 18 (25%) 8 (18%) 10 (37%)
Laboratory data
LDH, U/L 284+135 3514132 176 £32 <0.001***
HCY, umol/L 276+£52.5 31.6+66.3 212+£92 0.644
FIB, g/L 427 £1.51 4344157 416142 0.603
CEA, ng/ml 2234206 2534233 173+£143 0.079
AFP, 1U/ml 104+63 1M2+74 92435 0.141
TP g/L 66.2+8.01 65.5+7.54 67.2+8.75 0404
ALB, g/L 36.1+£6.39 356+5.79 369+7.31 0451
Ca, mmol/L 226+0.25 22440.20 2314030 0319
WBC, x 10%/L 8571537 9.05+6.10 7.784+3.87 0.284
NLR 830+ 11.64 10.13£14.14 532+437 0.040*
PLT, x 10%/L 226106 235113 2114194 0335

Data are presented as the means =+ standard deviation or interquartile range. *p <0.05, **p <0.01, and ***p <0.001. p values were determined by Student’s t test for

continuous variables and the chi-square test for categorical variables

Abbreviations: LDH Lactate dehydrogenase, HCY Homocysteine, FIB Fibrinogen, CEA Carcinoembryonic antigen, AFP Alpha-fetoprotein, TP Total protein, ALB Albumin,

Ca Total calcium, WBC Leukocyte, NLR Neutrophil-to-lymphocyte ratio, PLT Platelets

Reference ranges: a-HBDH: 95-220U/L, LDH: 109-245U/L, HCY: 5-20umol/L, FIB: 2-4 g/L, CEA: 0-5.5 ng/ml, AFP: 0-6.05 [U/ml, TP: 60-82 g/L, ALB: 35-50 g/L, Ca:

2-3 mmol/L, WBC: 4-10 x 10%/L, PLT: 100-300 x 10°/L

The male-to-female ratio in this cohort was nearly
2.73, which is 1.5 times the world average for lung cancer
incidence [22]. We also found a significantly higher pro-
portion of males in the normal-a-HBDH group and the
high-a-HBDH group, and the male with a female ratio
was significantly different (y*=4.232, P=0.021). Since
this study is a retrospective study and there are standard
screening cases, there may be biases such as selection
bias and confounding bias leading to errors, and a large
sample is still needed to avoid these biases. However,
a-HBDH levels were not affected by the higher propor-
tion of men in the normal-a-HBDH group. The result

showed that smoking also was not affected the level of
a-HBDH, So the difference in gender between the two
groups did not significantly affect the study results.

In this study, among all 33 cases with lymph node
metastasis, 24 cases had a high serum value of this index,
accounting for 55% of all high-value cases. This indicates
that the elevation of a-HBDH is probably associated with
lymph node metastasis. The reason may be that in the
tumor microenvironment, the glycolysis of malignant
tumor tissues is higher than that of normal tissues, and
tumor cells preferentially use lactic acid as an energy
source, which reduces the pH value in vivo and promotes
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Table 2 Univariate and multivariate analysis of clinical characteristics and laboratory data of in LC patients
Univariate analysis Multivariate analysis
p HR 95% Cl p HR 95%(Cl
Age 0.004 2.168 1.266-3.713 0.018* 1.966 1.123-3.440
Gender 0.173 1.485 0.839-2.629
Smoking 0.258 1337 0.807-2.213
Metastasis
Liver 0.002 3.278 1.501-7.161 0.011* 2911 1.277-6.636
Lymphnodes 0471 1.193 0.738-1.926
Kidney 0.356 0.519 0.125-2.146
Brain 0.172 0.645 0.342-1.216
Bone 0.505 1.199 0.703-2.042
Staging 0.754 1.044 0.799-1.363
Classification 0.680 1.080 0.749-1.556
a-HBDH (U/L) 0.023 1.774 1.075-2.926 0.015* 1.892 1.129-3.170
LDH (U/L) 0.068 1.559 0.964-2.521 0.895
HCY (umol/L) 0.299 1.288 0.798-2.080
FIBg/L 0.075 1.551 0.954-2.522 0.151
CEA ng/ml 0.062 0.250 0.058-1.072 0.933
AFP 1U/ml 0.170 0.655 0.356-1.204
TP g/L 0.227 0.687 0.372-1.268
ALB g/L 0.021 0.556 0.336-0.922 0.566
A/G 0.368 0.780 0453-1.342
Ca mmol/L 0.671 0.832 0.355-1.947
WBC x 10%/L 0.013 1.896 1.144-3.145 0.153
NLR 0.009 1.965 1.174-3.290 0.031* 1.787 1.054-3.029
PLT x 10%/L 0.629 0.894 0.567-1.409
HR Hazards ratio

" p<0.05, *p<0.01, and ***p <0.001

ROC curve of a-HBDH and LDH for LC
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Fig. 1 ROC curve of a-HBDH and LDH for LC

100

the invasion and metastasis of tumor cells [23]. Schol-
ars studied that elevated serum LDH has the potential
to predict early metastasis, according to an analysis of
serum biomarkers in 267 patients with gastrointestinal
cancer [24]. As we all know, lymph node metastasis is
associated with poor prognosis, which indirectly suggests
that elevated lymph node metastasis may be associated
with poor prognosis.

In the serum of small-cell carcinoma patients, it was
determined that the enzymes LDH and a-HBDH were
shown with the highest share of abnormal values by War-
necke et al. study [14]. Compared with the laboratory
data of the two groups, there was a correlation between
this index and LDH, and the value of LDH in the high-
a-HBDH group was significantly higher than that in the
normal-a-HBDH group. This indicates that these two
indexes have similar effects, and the poor prognosis of
other tumors may be negatively correlated. Consistent
with the results of this study, Khanolkar et al. found that
serum LDH and o-HBDH levels were elevated in both
seminomatous and non-seminomatous germ cell tumors
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in 1990, and a-HBDH was being more specific in moni-
toring therapy as compared to serum LDH [19].

NLR is the ratio of neutrophil to lymphocyte counts
in serum, which can be used as a prognostic indicator in
inflammation and some tumors [25]. It is also a putative
measure of the balance between neutrophil-associated
tumor-pro-inflammatory response and lymphocyte-
dependent antitumor immune function and has been
proposed as a prognostic factor in a variety of cancers
[25, 26]. In this study, the serum NLR value of patients
in the high-a-HBDH group was significantly higher
than that in the normal-a-HBDH group, indicating that
the prognosis of patients in the high-value group was
poor. a-HBDH is not an independent specific enzyme,
but rather the LDH isoenzyme total term of LDH-1 and
LDH-2 containing the H subunits. Metabolic changes in
rapidly dividing cancer cells are closely associated with
increased uptake of glucose and abnormal activity of
LDH, which regulates the processing of glucose to lactic
acid [27, 28]. The authors suggest a possible mechanism
which is the a-HBDH, expressed by malignant cells, sig-
nificantly increases lactate formation, and lactate induces
the proliferation of oxygenated malignant cells and angi-
ogenesis and inhibits the innate and adaptive immune
responses [29]. This process results that a-HBDH and
LDH activities were elevated in malignant cells, and the
value of NLR was downgraded in serum.

The prognosis and 5-year survival of cancer patients
may be influenced by some factors, such as tumor clas-
sification, early postoperative chemotherapy [30, 31],
and metastasis. In the survival analysis of this study, it
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was confirmed that the elevated a-HBDH levels, NLR,
WBC, liver metastasis, and age were the risk factors
affecting OS, and the association was positive between
o-HBDH and the increased risk of OS (HR 1.892, 95%Cl
1.129-3.170, P=0.015). Studies have shown that elevated
a-HBDH in some acute heart and lung diseases suggests
poor survival [8, 32]. As in other diseases, an increase in
this index predicted poor overall survival in LC patients.
So we have explored the correlation between a-HBDH
elevation and the prognosis of LC and found that base-
line serum o-HBDH elevation correlates with shorter
survival, and a-HBDH can be identified as an independ-
ent risk factor for LC.

LDH has been incorporated into the Ranson score sys-
tem to assess tumor severity and predict cancer prog-
nosis. Currently, elevated serum LDH in solid tumors
is associated with clinical outcomes in a variety of can-
cers, and tumor prognosis is a risk factor for outcomes
[17, 33]. Sun et al. found that serum LDH and a-HBDH
levels were significantly increased in patients with malig-
nant tumors, and these levels can be used as reference
indicators for the diagnosis and treatment of digestive
system malignant tumors [34]. The result showed that the
high-a-HBDH group was more significant in predicting
OS than the high LDH group (0.023 vs 0.068). In addi-
tion, ROC analysis showed that a-HBDH had a predictive
value (AUC=0.887) better than LDH (AUC=0.709) for
LC, mainly manifested in a-HBDH has a high sensitivity
value (76.06% vs 49.30%) than LDH. This is perhaps the
reason why we found that a-HBDH is more valuable than
LDH in LC.
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In summary, as serum o-HBDH levels were found to be
commonly increased in LC patients and correlated with
poor clinical outcomes in this study. The determination
of a-HBDH may become a supportive tool in prognosis
cancers. This study excluded other factors and proved the
important value of serum a-HBDH in the prognosis of
lung cancer, but there are still some deficiencies in this
study. First of all, the amount of data in this study is small.
This may be because a-HBDH is not tested as a rou-
tine testing indicator, especially in tumor patients with
the non-cardiac disease. Secondly, the data of this study
came from a single center, and there may be biases such
as selective and confounding bias leading to errors, and a
large sample is still needed to avoid these biases. What is
more, the AUC difference between models. The AUC has
been criticized for its insensitivity in model comparisons
where the baseline model is better, and NRI (net reclas-
sification improvement) and IDI (integrated discrimina-
tion improvement) have been proposed as alternatives to
the increase in the AUC for evaluating improvement in
the performance of risk assessment algorithms. However,
NRI and IDI are also not without problems [35]. In addi-
tion, this study was a retrospective prognostic study and
the prognostic validation set also took longer, and it was
not completed in the short term. In the future, a multi-
center study of medical record tracking will be more
helpful to prove whether a-HBDH can be used as a basis
for the prognosis of lung cancer. So, a single serological
laboratory index cannot fully be a key evaluation index
of the tumor prognosis, but it can provide a powerful
auxiliary tool for disease severity and prognosis for LC
patients.

Conclusion

In conclusion, this study suggested that a-HBDH is
an independent risk factor for poor prognosis in LC
patients. And also showed that serum a-HBDH was more
prognostic sensitive than LDH.

Supplementary Information

The online version contains supplementary material available at https://doi.
0rg/10.1186/512957-023-02965-3.

Additional file 1: Figure 1. ROC curve of a-HBDH and LDH for LC. Fig-
ure 2. OS of a-HBDH (a) and LDH (b) for LC.

Acknowledgements
Not applicable.

Authors’ contributions

Zm Y. and Lh W. wrote the main manuscript text and Zm Y. prepared figures 1
and 2. All authors reviewed the manuscript. The author(s) read and approved
the final manuscript.

Page 7 of 8

Funding
The authors declare that no funds, grants, or other support were received dur-
ing the.preparation of this manuscript.

Availability of data and materials
The datasets used and/or analyzed during the current study are available from
the corresponding author on reasonable request.

Declarations

Ethics approval and consent to participate

This study was approved by the Ethics Committee of Shaanxi Provincial Can-
cer Hospital (No. 2021072), and the ethics committee approved an exemption
from informed consent of this study.

Consent for publication
Not applicable.

Competing interests
The authors declare no competing interests.

Received: 29 October 2022 Accepted: 27 February 2023
Published online: 06 March 2023

References

1. Bruschke AV, van der Laarse A, van der Wall EE. Assessment of the size of
acute myocardial infarction. I: Biochemical methods. Cleve Clin J Med.
1990;57(6):547-50.

2. Zotierowicz S, Swierczyrski J, Zelewski L. Short communication: beta-
hydroxybutyrate dehydrogenase activity in human placenta. Placenta.
1984;5(2):183-7.

3. FastJH, Kubat K, van Haelst UJ, et al. The usefulness of an endo-
myocardial biopsy in heart disease of unknown etiology. Int J Cardiol.
1986;11(3):317-28.

4. Gonzalez Buitrago JM, Pastor |, Corrales JJ. Cytoplasmic enzyme activities
in human hypernephroma compared with normal renal cortical tissue.
Urol Int. 1988;43(1):32-4.

5. FanLF, Xu J, Chen XH, et al. Effect of signal transduction pathway gene
mutations on the one- course induced remission rate and analysis of
clinical characteristics in patients with CBF-AML. Zhongguo Shi Yan Xue
Ye Xue Za Zhi. 2020;28(3):781-8.

6. XiaoW, LiuW,Yin L, et al. Serum hydroxybutyrate dehydrogenase as an
early predictive marker of the severity of acute pancreatitis: a retrospec-
tive study. BMC Gastroenterol. 2020;20(1):393.

7. YuH,HanH, LiJ, et al. Alpha-hydroxybutyrate dehydrogenase as a bio-
marker for predicting systemic lupus erythematosus with liver injury. Int
Immunopharmacol. 2019;77: 105922.

8. SunJ,SuJ, XieY etal. Plasma IL-6/IL-10 ratio and IL-8, LDH, and HBDH
level predict the severity and the risk of death in AIDS patients with
pneumocystis pneumonia. J Immunol Res. 2016;2016(3):1583951-60.

9. Dissmann R, Linderer T, Schroder R. Estimation of enzymatic infarct size:
direct comparison of the marker enzymes creatine kinase and alpha-
hydroxybutyrate dehydrogenase. Am Heart J. 1998;135(1):1-9.

10. Trapani S, Grisolia F, Simonini G, et al. Incidence of occult cancer in
children presenting with musculoskeletal symptoms: a 10-year survey in
a pediatric rheumatology unit. Semin Arthritis Rheum. 2000;29(6):348-59.

11. Kawai M, Yamashita H, Hayashi T, et al. Serum CA125 in malignant ovarian
tumor-periodical monitoring and correlation with other tumor markers.
Nihon Sanka Fujinka Gakkai Zasshi. 1986;38(3):402-10.

12. Zukiel R, Nowak S, Jankowski R, et al. Enzymatic activity in cerebrospinal
fluid in the monitoring of the brain lesions following intracranial tumors.
Neurol Neurochir Pol. 1998;32(2):359-65.

13. Khanolkar MM, Sirsat AV. Comparative study on determination of alpha-
hydroxybutyrate dehydrogenase, lactate dehydrogenase isoenzyme
LDH-1 by adsorption on DEAE Sephadex A-50 & electrophoresis. Indian J
Med Res. 1992;96:136-8.


https://doi.org/10.1186/s12957-023-02965-3
https://doi.org/10.1186/s12957-023-02965-3

Yuan et al. World Journal of Surgical Oncology (2023) 21:78 Page 8 of 8

14. Warnecke R, Wetzer K, Preisler B. Biochemical and immunological
examinations in patients with lung diseases under particular considera-
tion of bronchial carcinoma (author’s transl). Z Erkr Atmungsorgane.
1980;154(3):345-9.

15. Zhang X, Guo M, Fan J, et al. Prognostic significance of serum LDH in
small cell lung cancer: a systematic review with meta-analysis. Cancer
Biomark. 2016;16(3):415-23.

16. Ding J, Karp JE, Emadi A. Elevated lactate dehydrogenase (LDH) can be a
marker of immune suppression in cancer: interplay between hemato-
logic and solid neoplastic clones and their microenvironments. Cancer
Biomark. 2017;19(4):353-63.

17. WuY, Lu C, Pan N, et al. Serum lactate dehydrogenase activities
as systems biomarkers for 48 types of human diseases. Sci Rep.
2021;11(1):12997.

18. Serpa MJ, Franco S, Repolho D, et al. An unusual case of primary retrop-
eritoneal germ cell tumour in a young man. Eur J Case Rep Intern Med.
2018;5(7):000900.

19. Khanolkar MM, Sirsat AV, Deshmane VH, et al. Serum lactate dehydroge-
nase, alpha-hydroxybutyrate dehydrogenase and ratio of alpha-hydroxy-
butyrate dehydrogenase to lactate dehydrogenase in testicular tumours.
Indian J Cancer. 1990;27(4):243-9.

20. Nasim F, Sabath BF, Eapen GA. Lung cancer. Med Clin North Am.
2019;103(3):463-73.

21. Villalobos P, Wistuba Il. Lung cancer biomarkers. Hematol Oncol Clin
North Am. 2017;31(1):13-29.

22. Sung H, Ferlay J, Siegel RL. Global Cancer Statistics 2020: GLOBOCAN
Estimates of Incidence and Mortality Worldwide for 36 Cancers in 185
Countries. CA Cancer J Clin. 2021;71(3):209-49.

23. Brown NJ, Higham SE, Perunovic B, et al. Lactate dehydrogenase-B is
silenced by promoter methylation in a high frequency of human breast
cancers. PLoS ONE. 2013;8(2): e57697.

24. Ma X, FanY, Chen Z, et al. Blood biomarkers of bone metastasis in diges-
tive tract malignant tumors. Future Oncol. 2021;17(12):1507-18.

25. Cupp MA, Cariolou M, Tzoulaki | et al. Neutrophil to lymphocyte ratio and
cancer prognosis: an umbrella review of systematic reviews and meta-
analyses of observational studies. BMC Med. 2020;18(1):360.

26. Mouchli M, Reddy S, Gerrard M, et al. Usefulness of neutrophil-to-lympho-
cyte ratio (NLR) as a prognostic predictor after treatment of hepatocel-
lular carcinoma. Review Article Ann Hepatol. 2021,22:100249.

27. Augoff K, Hryniewicz-Jankowska A, Tabola R. Lactate dehydrogenase
5:an old friend and a new hope in the war on cancer. Cancer Lett.
2015;358(1):1-7.

28. Forkasiewicz A, Dorociak M, Stach K et al. The usefulness of lactate dehy-
drogenase measurements in current oncological practice. Cell Mol Biol
Lett. 2020;25:35.

29. Deme D, Telekes A. Prognostic importance of lactate dehydrogenase
(LDH) in oncology. Orv Hetil. 2017;158(50):1977-88.

30. Gamucci T, Zampa G. Cardiotoxicity of 5-fluorouracil. Tumori.
1980;66(5):635-6.

31. Franken NA, Strootman E, Hollaar L, et al. Myocardial enzyme activities
in plasma after whole-heart irradiation in rats. J Cancer Res Clin Oncol.
2000;126(1):27-32.

32. Zinellu A, Paliogiannis P, Carru C et al. Serum hydroxybutyrate dehydro-
genase and COVID-19 severity and mortality: a systematic review and
meta-analysis with meta-regression. Clin Exp Med. 2022,22(4):499-508.

33. Zhang J,Yao YH, Li BG, et al. Prognostic value of pretreatment serum
lactate dehydrogenase level in patients with solid tumors: a systematic
review and meta-analysis. Sci Rep. 2015;5:9800.

34, SunZ QiS, Qi X, et al. Clinical value of LDH and a-HBDH levels detect-
ing in the diagnosis of malignant tumors. Chinese J Coal Ind Med.
2017;20(1):1-3.

35. Pencina MJ, D'agostino RB, Pencina KM, et al. Interpreting incremental
value of markers added to risk prediction models. Am J Epidemiol.
2012;176(6):473-81.

Ready to submit your research? Choose BMC and benefit from:

fast, convenient online submission

thorough peer review by experienced researchers in your field

rapid publication on acceptance

support for research data, including large and complex data types

gold Open Access which fosters wider collaboration and increased citations

maximum visibility for your research: over 100M website views per year

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-

At BMC, research is always in progress.
lished maps and institutional affiliations. ys in prog

Learn more biomedcentral.com/submissions . BMC




	Prognostic value of serum α-HBDH levels in patients with lung cancer
	Abstract 
	Background 
	Method 
	Results 
	Conclusions 

	Introduction
	Materials and methods
	Study population
	Follow-up
	Data collection
	Statistics

	Results
	Clinical characteristics and baseline demographics of LC patients
	α-HBDH was an independent factor for overall survival in univariate and multivariate cox regression
	ROC of α-HBDH and LDH for LC
	OS of α-HBDH and LDH for LC

	Discussion
	Conclusion
	Anchor 20
	Acknowledgements
	References


