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Background: Markers to predict the efficacy of bevacizumab treatment have been not fully
validated in most cancers, including metastatic colorectal cancer (nCRC). The aim of this study
was to investigate the potential role of lactate dehydrogenase (LDH) in predicting the survival
benefit from first-line bevacizumab treatment, in Chinese patients with mCRC.

Methods: All the patients were diagnosed with mCRC at the Sun Yat-sen University Cancer
Center from 2003 to 2013. The study group and the control group were classified by receiving
bevacizumab or not. The serum LDH value of all the patients had been detected before the
first-line treatment. The primary end point was progression-free survival (PFS).

Results: The median PFS of the study and the control group (patients who received bevacizumab
or not) was 11.3 and 9.1 months, respectively (P=0.004). In the control group, the median PFS
of the high LDH level and the low LDH level groups was 6.9 and 10.2 months, respectively
(P<<0.001). However, in the study group, the corresponding median PFS was 9.9 and 11.9 months,
respectively (P=0.145). In addition, for the low LDH level group, the median PFS was 11.9 and
10.2 months for patients who received bevacizumab or not, respectively (P=0.066); however,
the median PFS of patients receiving bevacizumab or not was significantly different in the high
LDH level group (9.9 and 6.9 months, respectively) (P=0.012).

Conclusion: The addition of bevacizumab in the first-line treatment setting could improve
the PFS of mCRC patients notably. However, the benefit could only be potentially reflected on
patients with high serum LDH level.

Keywords: lactate dehydrogenase, PFS, progression-free survival

Introduction

Bevacizumab, the classical antiangiogenesis drug, is widely used in first-line
treatment,' in second-line treatment,’ and even after progression beyond its failure, in
metastatic colorectal cancer (mCRC).* However, implementing bevacizumab treatment
has always been challenged. Though both progression-free survival (PFS) and overall
(OS) were improved significantly in the AVF2017, ARTIST, and E3200 trials,'* the
original short OS of the irinotecan/leucovorin/fluorouracil (IFL) regimen in the former
two trials weakened their significance. Further, only the PFS was statistically signifi-
cant, while the OS was not in the NO16966 trial. For similar reasons, the US Food and
Drug Administration (FDA) withdrew the license for bevacizumab in metastatic breast
cancer when combined with paclitaxel in the first-line treatment setting.®* The reason
may be that there is not yet an appropriate marker that will select patients who will
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benefit from bevacizumab, in spite of the abundant studies
carried out in past years.

Hypoxia, aggravated by bevacizumab!® because of
pruning immature vessels, contributes to the resistance of
cancer to chemotherapy'' and radiotherapy.'? In order to
adapt the anoxic microenvironment and compete with the
surrounding normal cells for resources for survival, cancer
cells choose aerobic glycolysis to guarantee the high speed
of proliferation.’* LDH (lactate dehydrogenase), the main
catalyst of aerobic glycolysis, has been demonstrated to be a
poor prognostic factor of many cancers,'*?! and a high level
of serum LDH has been associated with poorer survival.
Moreover, the relationship between LDH and bevacizumab
has been explored. The hypoxia-inducible factor (HIF) gene
was found to be stimulated by aerobic glycolysis, which
upregulated hundreds of downstream genes, including those
for LDH and vascular endothelial growth factor (VEGF).?
Meanwhile, high serum LDH level was also confirmed to be
associated with the overexpression of VEGFA and VEGFR-1
in tumor.?® Considering the correlation of LDH and VEGF,
several studies have tried to investigate the predictive value
in the antiangiogenic therapy, including bevacizumab. Both
Hecht et al** and Van Cutsem et al® investigated the median
PFS of placebo or vatalanib — an oral inhibitor of VEGF
receptors — in combination with leucovorin/fluorouracil/
oxaliplatin regimen in first- and second-line treatment of
advanced colorectal cancer. The initial end point of OS was
not met in the two trials; however, in an exploratory post hoc
analysis, the PFS was found to be improved with the use of
vatalanib in patients with high LDH serum levels, which
showed the potential value of LDH to predict the efficacy
of vatalanib. Since bevacizumab targets VEGF as well, the
question is whether LDH has the same power to predict its
efficacy in mCRC. To the best of our knowledge, only one
study has focused on this topic so far. Scartozzi et al** found
that the PFS in the high LDH level group (cutoff point 588
mg/dL) was much shorter than in the low LDH level group, in
the patients not receiving bevacizumab, while in the patients
receiving bevacizumab, the PFS could not be distinguished
by the two different LDH levels. However, the main point
of who can get benefit from bevacizumab, among patients
with high or low LDH level, has not been investigated yet.
Therefore, we conducted the current study.

Patients and methods
Study population

Patients who met the following criteria were selected
as the study group: 1) diagnosed with mCRC, based on

pathological specimens from the primary tumor and clinical
and/or pathological evidence of distant metastasis, at the
Sun Yat-sen University Cancer Center from 2003 to 2013;
2) have finished an entire course of first-line chemotherapy
in the center; 3) Eastern Cooperative Oncology Group
(ECOQG) performance status =2; 4) bevacizumab was
used as a combination with the standard first-line regimens
including oxaliplatin-based regimens and irinotecan-
based regimens. More than four cycles of bevacizumab
were required, since four cycles of bevacizumab was the
minimum requirement to benefit patients found in our
previous study;?® 5) serum LDH was tested before the
initiation of the first-line chemotherapy. The consecutive
mCRC patients in the control group met the same criteria
as the study group except for bevacizumab administration.
The exclusion criteria of both groups included 1) lack of
a pathological diagnosis; 2) incomplete medical history;
3) loss to follow-up; 4) suffering from two or more kinds
of tumors asynchronously or synchronously.

Laboratory measurement of serum LDH
LDH was included in the serum biochemical tests in
our cancer center. The serum biochemical tests were
performed using a Hitachi Clinical Analyzer 7600-020
(Hitachi High-Technologies Corp, Tokyo, Japan). The
normal range is 109-245 U/L. LDH levels in the current
study were classified into two groups, the high LDH level
group was above the upper limit of normal value, while
the low LDH level group was within and below the normal
value.

Follow-up and statistical analyses

The last follow-up assessment was conducted on October 31,
2013, through telephone interview or medical records review.
All the patients of the study and the control group had pro-
gressed by the time of follow-up. The end point of the study
was PFS, deemed to be the length of time from the initial
treatment of the first-line therapy to the date of progres-
sion by imaging examination, according to the Response
Evaluation Criteria in Solid Tumors (RECIST),” or to the
death of the patient. The weight of each of the factors was
tested by the chi-square test, and the PFS was compared using
the Kaplan—Meier method log-rank test, which included
calculations of medians and survival curves. All the statisti-
cal analysis was conducted using the SPSS for Windows,
Version 18.0 software package (IBM, Armonk, NY, USA),
and a P-value less than 0.05 was considered with statistically
significant.
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Results

Patient characteristics

There were 87 and 246 patients included in the study group
(receiving bevacizumab) and the control group (not receiv-
ing bevacizumab), respectively. The patient characteristics
and potential prognostic factors, including sex, age, tumor
location, pathological type, and chemotherapy regimens
are shown in Table 1. All of these factors were balanced in
statistics, except for pathological type and chemotherapy
regimen. However, these latter two factors were statistically
insignificant with respect to PFS (P-values were 0.093 and
0.482, respectively).

PFS of patients treated

with and without bevacizumab

In the study group, bevacizumab was combined with
oxaliplatin-based, irinotecan-based, or fluorouracil single-
agent regimens in 42 (48.3%), 43 (49.4%), and two (2.3%)
patients, respectively (Table 1); in the control group, there
were 202 (82.1%), 37(15%), and six (2.4%) patients treated
with the three regimens, respectively; only one (0.4%) patient
was treated with cyclophosphamide and cisplatin (CTX +
DDP). The median (range) PFS of the study group and the
control group were 11.3 (9.9-12.6 months) and 9.1 months
(7.9—-10.2 months), respectively (P=0.004) (Figure 1).

Table | Patient baseline characteristics in the study group and
the control group

Patient characteristics Study Control P-value*
group (%) group (%) T 2
Number 87 (26.1) 246 (73.9)
Sex 0.972 0.960
Male 55 (63.2) 155 (63)
Female 32 (36.8) 91 (37)
Age (years)
Median (range) 52 (19-83) 51 (25-77) 0.998 0.718
=60 65 (73.9) 181 (73.6)
>60 23 (26.1) 65 (26.4)
Primary tumor 0.299 0.661
Colon 53 (60.9) 165 (67.1)
Rectum 34 (39.1) 8l (32.9)
Pathological type
Adenocarcinoma 82
Others 5
Chemotherapy regimen <0.001 0.482
Oxaliplatin-based 42 (48.3) 202 (82.1)
Irinotecan-based 43 (49.4) 37 (15.0)
Fluorouracil alone 2 (2.3) 6 (2.4)
Other type I (0.5)

Note: *| refers to the P-value of the balance test and 2 refers to the P-value of the
elements to PFS.
Abbreviation: PFS, progression-free survival.
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Figure | The PFS of patients with and without bevacizumab.
Abbreviation: PFS, progression-free survival.

PFS of patients with high
and low LDH level

It has been reported that serum LDH level was a prognostic
factor in many cancers.”®3° So, we put all the patients in the
study group and the control group together to investigate
the role of LDH. There were 217 (65.2%) and 116 (34.8%)
patients classified into the low LDH level group and high
LDH level group, respectively. The median PFS of the
patients in the two groups was 10.8 and 7.8 months, respec-
tively (P<<0.001) (Figure 2). Meanwhile, It means that the
number of patients receiving bevacizumab or not is statisti-
cally balanced in the two LDH level groups (P=0.936). In
the control group, there were 86 (35.0%) and 160 (65.0%)
patients included in the high LDH level and low level groups
respectively, and their corresponding median PFS was 6.9 and
10.2 months (P<<0.001), respectively. In the study group, 30
(34.5%) and 57 (65.5%) patients were divided into the high
LDH level and low level groups, and the median PFS was 9.9
and 11.9 months, respectively (P=0.145) (Figure 3).

In the low LDH level group, receiving bevacizumab was
not statistically significantly associated with PFS.

There were 217 patients in the low LDH level group,
57 (26.3%), and 160 (73.7%) patients of whom were in
the bevacizumab or control group (no bevacizumab),
respectively. The median PFS of the patients who received
bevacizumab or not was 11.9 months and 10.2 months,
respectively (P=0.066) (Figure 4).
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Figure 2 The PFS of patients in the high and low serum LDH level groups.
Abbreviations: LDH, lactate dehydrogenase; PFS, progression-free survival.

In the high LDH level group, the receipt of bevacizumab
or not had a significant impact on PFS.

There were 116 patients in the LDH high level group;
the number of patients receiving bevacizumab or not was
30 (25.9%) and 86 (74.1%), respectively. And the median
PFS was 9.9 months and 6.9 months, respectively (P=0.012)
(Figure 5).

Though receiving bevacizumab was not statistically sig-
nificantly in the low LDH level group, some people might
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question the results because of the P-value is 0.66, which is
not particularly big. Therefore, in order to consolidate the
conclusion, the whole patient sample was divided equally into
three groups (low, middle, and high) according to their level
of LDH. The patient characteristics and potential prognostic
factors of the three groups, including sex, age, tumor loca-
tion, pathological type, and chemotherapy regimen are shown
in Table 2, and all of the factors were balanced in statistics.
Consistent with the other results, the gradually increasing
difference of PFS in the subgroups (receipt of bevacizumab
or not) was accompanied by the increasing of serum LDH in
the three groups. The P-value of receipt of bevacizumab or
not was 0.285, 0.081, and 0.006 in the serum low LDH level,
middle level, and high level groups, respectively (Figure 6).

The four subgroups, including the patients of the high
LDH level and the low level groups who received bevaci-
zumab or not, respectively, were pairwise compared. It was
shown that the three survival curves of patients who received
bevacizumab or not in the low LDH level group and the
patients who received bevacizumab in the high LDH level
group were insignificant (P=0.171), while the each of them
is statistically significant with the group of not received
bevacizumab in the high LDH level (P<<0.001), as shown
in Figure 7.

Discussion

There have been few studies focused on the effect of bevaci-
zumab in Chinese mCRC patients.>*!*? The ARTIST study was
the only randomized Phase III clinical trial, and it found that
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Figure 3 (A) The PFS of patients without bevacizumab, in the high and low serum LDH level groups; (B) the PFS of patients with bevacizumab, in the high and low serum

LDH level groups.
Abbreviations: LDH, lactate dehydrogenase; PFS, progression-free survival.
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Figure 4 The PFS of patients with or without bevacizumab, in the low serum LDH level group.

Abbreviations: LDH, lactate dehydrogenase; PFS, progression-free survival.
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Figure 5 The PFS of patients with or without bevacizumab, in the high serum LDH
level group.
Abbreviations: LDH, lactate dehydrogenase; PFS, progression-free survival.

both OS and PFS were improved with the addition of bevaci-
zumab.’ Then, our previous case-control study, which analyzed
data from patients before 2010, found that when bevacizumab
was used for at least four cycles, there was an improvement of
08, although the PFS was not investigated.>! Recently, a retro-
spective study with a small patient number showed the efficacy
and safety profiles of bevacizumab in first-line, second-line,
and even the third-line treatment in Chinese patients.?> Usu-
ally, OS and/or PFS have been set as the end points to evaluate
the efficacy of drugs. However, only 23 (26.4%) patients had
died (bevacizumab group) at the end of follow-up in our cur-
rent study. As a result, PFS was chosen as the end point. In
accordance with the studies above, the current study also dem-
onstrated the efficacy of bevacizumab, though the distributions
of pathological type and chemotherapy regimens were not bal-
anced in statistics. However, neither of these had a statistically
significant impact on PFS. A predictive marker of the efficacy
of bevacizumab has not been established and firmly validated
on account of the complex tumor environment** and network
of tumor angiogensis.** Bevacizumab may be able to, not only
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Table 2 Patient baseline characteristics in the serum LDH low, middle, and high levels
Patient characteristics All patients Serum LDH level P-value
Low (%) Middle (%) High (%)
Number 333 111 (33.3) 111 (33.3) 111 (33.3)
Sex 0.110
Male 210 77 (69.4) 71 (64.0) 62 (55.9)
Female 123 34 (30.6) 40 (36.0) 49 (44.1)
Age (years) 0.074
Median (range) 52 (19-83) 49 (19-83) 54 (29-78) 53 (19-81)
=60 245 89 (80.2) 74 (66.7) 82 (73.9)
>60 88 22 (19.8) 37 (33.3) 29 (26.1)
Primary tumor 0.411
Colon 218 78 (70.3) 71 (64.0) 69 (62.2)
Rectum 115 33(29.7) 40 (36.0) 42 (37.8)
Pathological type 0.093
Adenocarcinoma 323 105 (94.6) 109 (98.2) 110 (99.1)
Others 9 6(54) 2(1.8) 1 (0.9)
Chemotherapy regimen 0.457
Oxaliplatin-based 244 84 (75.7) 80 (72.1) 80 (72.1)
Irinotecan-based 80 25 (22.5) 26 (23.4) 29 (26.1)
Fluorouracil alone 8 I (0.9) 5(4.5) 2(1.8)
Other type | I (0.9)
Bevacizumab addition or not 0.375
Yes 87 24 (21.6) 33(29.7) 30 (27.0)
No 246 87 (78.4) 78 (70.3) 81 (73.0)

Abbreviation: LDH, lactate dehydrogenase.

aggravate the hypoxia (through pruning the tumor vessels) but
also, facilitate aerobic glycolysis via increase in the expression
of the key enzyme, pyruvate kinase M2.'°353¢ Meanwhile, LDH
is also strongly related to both the hypoxia environment and
aerobic glycolysis. The LDH gene, among hundreds of genes
activated by the HIF' gene, could be upregulated under hypoxic
conditions.?? Lactate, the main product of aerobic glycolysis, is
closely associated with the change of LDH as well.*” Therefore,
we explored the potential value of LDH to predict the efficacy
of bevacizumab. Recently, LDH has shown promising value for
predicting the efficacy of bevacizumab and its analog, vatalanib.

However, the two drugs are not identical, and the evidence
regarding LDH cannot be shared. This hypothesis comes from
the relationship between tyrosine kinase inhibitors (TKIs) and
monoclonal antibodies in non-small cell lung cancer (NSCLC)
treatments. TKIs for epidermal growth factor receptor (EGFR),
including gefitinib, erlotinib, and ecotinib, have been shown to
be effective for NSCLC patients bearing mutant EGFR, and
the mutant EGFR is a powerful predictor of TKI efficacy;®
however, cetuximab, the monoclonal antibody for EGFR, is
not so effective and lack of predictors in consensus, though
all of them target EGFR receptor.*® As for bevacizumab, only
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Figure 6 (A) The PFS of the one-third of patients, with and without bevacizumab, in the low serum LDH group; (B) the PFS of the one-third of patients, with and without
bevacizumab, in the middle serum LDH group; (C) the PFS of the one-third of patients, with and without bevacizumab, in the high serum LDH group.

Abbreviations: LDH, lactate dehydrogenase; PFS, progression-free survival.
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Figure 7 The PFS of the patients, with and without bevacizumab, in the low serum
LDH and high level groups.
Abbreviations: LDH, lactate dehydrogenase; PFS, progression-free survival.

one paper addressed whether LDH could predict its efficacy in
mCRC. However, there are several differences between it and
our study.” First, in our study, patients who received less than
four cycles of bevacizumab were excluded since their short
exposure may have lowered the potential for survival benefit.
Second, in the previous work, the cutoff value for pretreatment
LDH was determined using a receiver operating characteristics
curve analysis based on the selected patients, and this may have
biased the result in that the LDH cutoff value may not have
represented the overall group of mCRC patients;? in our study,
the cutoff value for LDH was based on routine clinical examina-
tion, not only obtained by large scale clinical research but also,
practical. Our study demonstrated that different levels of serum
LDH could distinguish the PFS of the patients who received
bevacizumab from those who did not, which is similar to the
previous study.* More importantly, our study found that in the
high LDH level group, patients who received bevacizumab had
statistically significant improvement of PFS, while in the LDH
low group, it brought no benefit. This finding may hint that LDH
level should be tested before deciding whether bevacizumab
could be administrated for mCRC patients, although this should
be validated in prospective study. This finding was validated
in our further investigation that classified patients into three
groups according to LDH level, where the difference between
receipt of bevacizumab or not changed from insignificant to
significant according to the increase of LDH level.

In conclusion, the addition of bevacizumab to standard
first-line chemotherapy can bring PFS benefit in Chinese
mCRC patients; however, the benefit may be only limited
to patients with initial high LDH level. Meanwhile, LDH
level was found to be a poor prognostic factor for mCRC.
However, all the findings in the current study should be vali-
dated in studies with larger sample size, and the OS should
be calculated if the follow-up time permits.
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