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Abstract
Purpose: The aim of this study is to analyse the prognostic role of LDH5 expression measured by
immunohistochemistry in patients with advanced colorectal cancer treated with standard chemotherapy with or
without bevacizumab.
Methods: Retrospective multicentre study, carried out at four hospitals in the Valencian Community (Spain). We
investigated the immunohistochemical expression of LDH-5 in a series of 112 patients with advanced colorectal
adenocarcinomas treated with oxaliplatin-based chemotherapy with or without bevacizumab.
Results: Histological samples for the LDH5 analysis were available for 87 of the 112 patients selected. Sixteen
(18.3%) had undetectable or mild expression of LDH5 (Group 1) and 71 (87.7%) showed moderate or high
expression of LDH5 (Group 2). Response rate in Group 1 was 56.2% compared to 60.8% in Group 2 (p=0.47).
Progression-free survival (PFS) 11 vs. 12 months (p=0.28), and overall survival (OS) 20 vs. 24 months, (p=0.17),
were numerically but not significantly higher in patients from Group 2 vs. Group 1. Patients from Group 2 who
received bevacizumab presented a significantly higher PFS (13 vs. 12, p=0.039) and a numerically higher OS (27
vs. 20 months, p=0.27) than those treated exclusively with chemotherapy.
Conclusions: Our results suggest that the absence or low expression of LDH5 is not associated with a better
prognostic profile in patients with advanced colorectal cancer treated with chemotherapy and bevacizumab. Patients
with high expression of LDH5, benefit from the combination of chemotherapy with bevacizumab.
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Introduction
Colorectal cancer (CRC) is the third the most common malignancy,
and is responsible for approximately 10% of cancer deaths in both
sexes [1]. Over more than 40 years, the only treatment for patients with
advanced CRC was chemotherapy. At first, with 5-fluorouracil (5FU),
achieved a response rate of 10-20% as a single agent [2]. The addition
of oxaliplatin to chemotherapy regimens became a step forward for
these patients, as it added efficacy in terms of increased both response
rates (RR) and overall survival (OS) [3]. Next big advance in the field
was the arrival to the therapeutic arsenal of bevacizumab (Avastin), a
humanised monoclonal antibody capable to inhibit vascular
endothelial growth factor, a key mediator of angiogenesis [4-6]. Several
randomised clinical trials have demonstrated the benefit of the
addition of bevacizumab to the various standard chemotherapy
regimens in patients with advanced CRC: 5-fluorouracil/leucovorin (5-
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FU/LV) [7], 5-FU/LV plus irinotecan (IFL) [8], 5-FU/LV plus
oxaliplatin (FOLFOX) [9] and 5-FU/LV plus capecitabine (XELOX)
[10]. With increases in response rates (RR), OS and progression free
survival (PFS). The combination XELOX/bevacizumab offers a PFS of
9.4 months and an OS of 21.3 months [10] and is currently one of the
most widely used first-line treatment regimens in patients with
advanced CRC. The efficacy obtained by the addiction of an antiangiogenic drug to chemotherapy seems to be due to the inhibition of
the formation of new vessels, and the normalisation of abnormal
tumour vasculature [11,12]. Since Bevacizumab was approved and
incorporated into first line treatment protocols, an intense effort in the
search of biomarkers has been done. Identification of molecular
markers capable of predicting patients’ prognosis and the response to
cytostatic and anti-angiogenic treatments is a challenging task, since
these potential markers would allow selecting the patients who would
benefit the most from each of the drugs available. Unfortunately,
despite the different attempts carried out, there has been no success to
relate several molecular markers with tumour response to the
treatment with bevacizumab; therefore, currently there is no way to
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predict in advance which patients will benefit from this treatment [13].
It is still unknown the place where anti-VWGF therapies produce its
main effect, they might have a direct effect on the tumour cell, but it
could also base its activity on the endothelial cells of the blood
vasculature and/or the lymphatic vessels supporting the tumour, where
it has been detected a overexpression of VEGFR-2 (KDR) and
VEGFR-3 (13) receptors. VEGFR-2 is involved in the initiation of
molecular pathways that induce proliferation and survival of
endothelial cells [14]. Overexpression of the activated form of
VEGFR-2 or pKDR measured by immunohistochemistry as well as of
lactate dehydrogenase 5 (LDH5), protein involved in the regulation of
the transformation of pyruvate to lactate in anaerobic conditions for
acquisition of energy, and therefore an indirect marker cellular
hypoxia, have been associated with worse prognosis in patients with
colon cancer, and are postulated as markers of angiogenesis process
[15]. Lactate dehydrogenase 5 (LDH5) is one of the five LDH isoenzymes and, apparently, the most important for promoting anaerobic
glycols. LDH5 is transcriptionally regulated by the hypoxia inducible
factors (HIF) 1-alpha and 2-alpha. LDH5 up-regulation has been
related with HIF1a and HIF2a accumulation, what leads to a VEGF
activation, increased vascular density and also with extramural
invasion, followed by nodal and distant metastases [16]. These
observations suggest that a high LDH5 content in tumour cells is
directly related to an up-regulated HIF pathway and is linked with an
aggressive phenotype in colorectal cancer in fact, LDH-5 has been
associated with a worse prognosis in patients with CRC who have
undergone surgery [17]. The objective of our study was to
retrospectively evaluate the prognostic role of LDH5 expression in
patients with advanced CRC with non-resectable metastasis who have
received treatment with oxaliplatin and fluoropyrimidine-based
chemotherapy, with and without bevacizumab. In addition, we
analysed the clinical variables associated with the expression of LDH5
as well as its influence on the effectiveness of the anti-angiogenic
treatment.

Immunohistochemistry
After an initial review of all the samples of haematoxylin and eosinstained tumour biopsies, a paraffin block representative of each of the
study subjects was selected. The blocks selected had to include viable
tissue and were used to create a tissue microarray (TMA), with two
tumour cylinders for each patient. Once the TMAs had been put
together, consecutive sections of 4 lm were created. One of the sections
from each sample was stained with haematoxylin and eosin, and the
subsequent sections were immunofixed with anti-LDH5 antibodies.
The immunofixation was performed using the immunoperoxidase
technique followed by predigestion and trypsinization. The antibody
used was sheep polyclonal antibody 9002 (Abcam, Cambridge, UK)
raised against human LDH5, purified from human placenta was used
for immunohistochemistry [17]. The percentage of cancer cells with
strong cytoplasmic and nuclear LDH5 expression was assessed
separately, following inspection of the entire embedded tissue. In each
optical field, the percentage was recorded and the final score for each
case was the mean value obtained. Values lower than 10% were scored
as 0%. The expression of LDH5 was quantified using a grading system
that classified the samples into 2 groups: high/mild vs. low/negative
expressing tumours based on previous studies (Figure 1) [14].

Materials and Methods
This is a retrospective multicentre study of patients diagnosed with
stage IV colorectal cancer treated in four hospitals of Valencian
Community over three years with oxaliplatin and fluoropyrimidine
combination chemotherapy, with or without bevacizumab.

Patients’ characteristics
We performed a systematic review of patients diagnosed with stage
IV colorectal cancer with histological confirmation of colorectal
adenocarcinoma and treated between January 2011 and December
2014 with first-line standard chemotherapy regimen based on
Oxaliplatin and Fluoropyrimidines (FOLFOX or XELOX), either in
combination or not with bevacizumab. The evaluation method
consisted in a review of medical records and baseline tumour
radiologic measurements before the start of the treatment. Baseline
disease extension and tumour response evaluation was carried out by
CT scans. Blood laboratory data were collected from each test prior to
each cycle of chemotherapy to assess blood counts and kidney and
liver function. Tumour response was evaluated according to RECIST
criteria. OS was calculated as the period from the start of treatment
until the date of death.
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Figure 1: Immunohistochemical staining gradation of colorectal
tumours specimens with anti-LDH5 antibody: High Expression A
and B. Low Expression C and D.

Statistical methods
All the statistical analyses and the results were processed using the
statistical software SPSS 19.0. A descriptive statistical analysis was
carried out, including central tendency and dispersion parameters for
the quantitative variables, and absolute and relative frequencies for
categorical variables. The Chi-squared test was used to compare two or
more independent subject groups for categorical variables. The survival
curve was estimated using the Kaplan–Meier method and compared
using the log-rank test.
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Results
Patient characteristics
In our database, we found 112 patients diagnosed with advanced
CRC treated with oxaliplatin and fluoropyrimidines combination
chemotherapy (XELOX or FOLFOX) with or without bevacizumab.
Eighty-seven of them had sufficient material for histological analysis of
LDH5 immunohistochemistry. Sixteen patients (18.3%) had low
expression (group 1); while seventy-one patients (81.7%) showed
strong expression of LDH 5 (group 2): 20 nuclear expression in >10%
of cells with no cytoplasmic expression, 16 strong cytoplasmic
expression without nuclear expression, and 35 over-expression both
nuclear and cytoplasmic. Patients’ characteristics are summarised
(Table 1). The median age of patients in Group 1 was 71 years, and 68
years in Group 2. No significant differences were observed between the
groups in terms of sex, performance status (PS), and presence of KRAS
mutations, number of metastatic sites or the presence of rectal bleeding
at the time of diagnosis. The percentage of patients who received
treatment with Bevacizumab was lower in Group 1 (37.5 vs 69%,
p=0.02), and this group also showed a non-significant tendency
towards an inferior rate of serum LDH elevation [18,19].
Global
population
N=112

chemotherapy. Of the 71 patients in Group 2, 49 (69%) received
chemotherapy with bevacizumab, and the other 22 (31%) received
chemotherapy (Figure 2). A total of 80 patients were evaluable in terms
of response; all the patients in Group 1 and 64 from Group 2. The
seven non-evaluable patients died before the re-evaluation (5 after the
second cycle of chemotherapy and 2 after the first cycle) (Table 2).
Response

GROUP 1

GROUP 2

Low LDH5

High LDH5

Complete Response

0

1 (1.5%)

Partial Response

9 (56.2%)

38 (59.3%)

Stable Disease

5 (31.2%)

14 (21.8%)

Progression Disease

2 (12.5%)

7 (10.9 %)

p Value

0.47

Table 2: Response to treatment.

GRUPO 1.

GRUPO 2
p
Valu
Low
LDH5 High
LDH5
e
expression
expression
N=16

N=71

71 years

68 years

Median Age

68 years

Sex Male/Female

66/46
(58.4 9/7 (56 vs. 44%)
vs. 40.7%)

PS 0-1 vs. 2

87 vs. 22 (77 11 vs. 5 (68.7 vs. 58
vs.
vs. 23%)
31.3%)
(81.6
18.4%)

44/27
(61.9 0.4
vs. 38.1%)
13
vs.

High
blood 43 (38%)
pressure at time
of diagnosis

4 (70%)

33 (54%)

0.1

Weight loss >10%

21 (22.8%)

4 (30.7%)

12 (21.4%)

0.34

Rectal bleeding

35 (37.6)

6 (46.1%)

21 (36.8%)

0.37

Occlusive
Symptoms

10 (10.8%)

1 (7.6%)

6 (10.7%)

0.6

>1 metastatic site

52 (46.4%)

7 (43%)

31 (43.6%)

0.86

High serum CEA

75 (79.7%)

10 (66.6%)

48 (78.6%)

0.25

Anaemia

47 (54.6%)

5 (35.7%)

27 (47.3%)

0.31

High serum LDH

34 (52.3%)

3 (33%)

22 (46.8%)

0.35

Chemotherapy
with
Bevacizumab

75 (66.9%)

6 (37.5%)

49 (69%)

0.02*

KRAS mutations

42 (51%)

4 (40%)

28 (52%)

0.3

Table 1: Patient’s characteristics.

Treatment and response rate
Of the 16 patients in Group 1, 6 (37.5%) received chemotherapy in
combination with bevacizumab, while the other 10 received only
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Figure 2: Overall survival (a) and progression-free survival (b)
according to the expression of LDH5.
The treatment RR in the patients with low LDH5 expression was
56.2% (9 PR), compared to 60.8% in the group of patients with high
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LDH5 expression (1 complete response, 37 partial responses, 19 stable
disease and 13 progressive disease); differences in the RR between the
two groups were not statistically significant (p=0.47). There were no
significant differences in the efficacy of chemotherapy and
bevacizumab in Group 2 according to the location of LDH5
expression: cytoplasmic vs. nuclear vs. both (87.5% vs. 55% vs. 51.6%,
p=0.09).

Overall survival and progression-free survival
The median survival in Group 1 was 20 months, compared to 24
months in Group 2 (p=0.17). There was neither difference in PFS, 11
months vs. 12 months in Group 1 and 2 respectively (p=0.28). The
median OS in those patients in Group 2 who received treatment with
chemotherapy in combination with bevacizumab was 27 months,
compared to 20 months in the patients treated with chemotherapy
alone (p=0.27). PFS was significantly higher in Group 2 for patients
treated with bevacizumab (13 vs. 12 months, p=0.039) (Figure 3).

Figure 3: Overall survival (a) and progression-free survival (b) in
patients with overexpression of LDH5 according to the addition of
bevacizumab to the chemotherapy treatment.

Discussion
This retrospective study was designed to analyse the prognostic role
of the overexpression of lactate dehydrogenase 5 (LDH5) in patients
diagnosed with advanced colorectal adenocarcinoma treated with
chemotherapy with oxaliplatin and fluoropyrimidines with and
without bevacizumab. Our study did not find any relationship between
the overexpression of LDH5 with an increased Response Rate, neither
with significant differences in PFS or OS based on its presence.
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The frequency of LDH5 overexpression in advanced colorectal
cancer tumour cells detected in our series of patients was 87.7%. The
elevated rate of expression of this angiogenesis marker is in line with
other research published to date. Kourkourakis et al. reported a series
of 128 patients with resected colon cancer (stages IIa-III) in which the
rate of LDH5 overexpression was 77.3% [17], and same authors
communicated in another series with 75 patients diagnosed with
advanced colorectal cancer, a LDH5 overexpression rate of 68% [16].
Our findings confirm that this protein is highly expressed in colorectal
tumours.
LDH5 is one of the five LDH isoenzymes and, apparently, the most
important for promoting anaerobic glycolysis. LDH5 is
transcriptionally regulated by the hypoxia inducible factors (HIF) 1a
and 2a, and its overexpression has been related with aggressive
advantages that colorectal tumours may gain from a high LDH5
content, for instance the increase capability for lymph node
involvement and distant metastases spread [16]. In fact, its presence
has been associated with worse outcome in patients with stage I-III
operable colorectal cancer, who presented a poorer survival when
compared with those with negative expression of LDH5 (HR 15.1,
p=0.0003) [17]. Similar results have been communicated in patients
diagnosed of advanced Non-Small Cell Lung Cancer (NSCLC) [20],
were a significantly poorer survival was noted in the group of patients
with high LDH5 immunohistochemical reactivity, both when
measured at cytoplasm and at nucleus. In addition, Scartozzi et al.
observed similar findings in patients with high LDH serum levels [21],
who presented a significant shorter PFS (4.2 vs. 8 months, p=0.003)
and OS (19.6 vs. 34.9 months, p=0.0014), when compared with
patients with low LDH levels in serum. Despite all this data, in our
series the high expression of LDH5 was not associated with classical
clinical factors associated with worse prognostic features, such as loss
of weight, bad performance status or more than one metastatic site. It
should be pointed out that those patients with low LDH5 expression
presented similar clinical characteristics to those with high expression,
for instance we observed no differences neither in levels of serum CEA
or serum LDH, or rectal bleeding or occlusive symptoms. This contrast
with what our group observed in the prognostic role of other
angiogenesis marker, VEGFR-2/pKDR in a previous report [22], were
patients with an overexpression of this protein showed a worse clinical
profile. VEGFR-2/KDR is the main receptor of the vascular endothelial
growth factor (VEGF) and is frequently overexpressed in CRC. The
binding of VEGF to VEGFR-2/KDR leads to phosphorylation, and the
activation of an intracellular signal pathway, which ultimately
potentiates processes such as cell proliferation, migration, apoptosis
inhibition, and maturation of endothelial cell vascular structures
[23,24]. An association between LDH-5 and pKDR expression in
cancer cells and in tumour-associated vasculature was recorded in 128
colorectal carcinomas examined. In fact, 75% and 60% of tumours with
high LDH-5 expression had high pKDR expression in cancer cells and
in vessels, respectively. These percentages were clearly lower (30% and
23%, respectively), in tumours with low LDH-5 expression [17].
As said, we have not found any differences en response rate or
progression-free and overall survival in our analysis. It is important to
mention that there was significant difference in the rate of patients
treated with bevacizumab between patients with low and high LDH5
expression (37,5 vs. 69%, p=0.02), which means, that patients with the
hypothetical worse molecular feature had been treated with a more
active treatment schedule. This important imbalance could explain the
non-statistically significant but numerically better outcome of patients
with LDH5 overexpression. Furthermore, the retrospective nature of
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this study carried out based on small sample of patients, with different
stage of the disease from previous series, makes it very difficult to do
any comparison.
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treatment with anti-angiogenics confirms that patients treated with
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