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Niklas Hammar4,6, Göran Walldius7, Ingmar Jungner8, Tony Ng9 and Mieke Van Hemelrijck1,4

1Division of Cancer Studies, Cancer Epidemiology Group, King’s College London, Research Oncology, 3rd Floor, Bermondsey
Wing, Guy’s Hospital, London SE1 9RT, UK; 2Department of Surgical Sciences, Uppsala University Hospital, Uppsala 751 85,
Sweden; 3Regional Cancer Centre, Uppsala 751 85, Sweden; 4Department of Epidemiology, Institute of Environmental Medicine,
Karolinska Institutet, Stockholm 171 77, Sweden; 5Department of Medical Epidemiology and Biostatistics, Karolinska Institutet,
Stockholm 171 77, Sweden; 6AstraZeneca R&D, Mölndal 431 50, Sweden; 7Department of Cardiovascular Epidemiology, Institute
of Environmental Medicine, Karolinska Institutet, Stockholm 171 77, Sweden; 8Department of Medicine, Clinical Epidemiological
Unit, Karolinska Institutet and CALAB Research, Stockholm 171 77, Sweden and 9Richard Dimbleby Department of Cancer
Research, Randall Division and Division of Cancer Studies, King’s College London, London SE1 1UL, UK

Background: There is evidence that high level of serum lactate dehydrogenase (LDH) is associated with poorer overall survival in
several malignancies, but its link to cancer-specific survival is unclear.

Methods: A total of 7895 individuals diagnosed with cancer between 1986 and 1999 were selected for this study. Multivariable
Cox proportional hazards regression was used to assess overall and cancer-specific death by the z-score and clinical categories of
serum LDH prospectively collected within 3 years before diagnosis. Site-specific analysis was performed for major cancers.
Analysis was repeated by different lag times between LDH measurements and diagnosis.

Results: At the end of follow-up, 5799 participants were deceased. Hazard ratios (HRs) and 95% confidence intervals (CIs) for
overall and cancer-specific death in the multivariable model were 1.43 (1.31–1.56) and 1.46 (1.32–1.61), respectively, for high
compared with low prediagnostic LDH. Site-specific analysis showed high LDH to correlate with an increased risk of death from
prostate, pulmonary, colorectal, gastro-oesophageal, gynaecological and haematological cancers. Serum LDH assessed within
intervals closer to diagnosis was more strongly associated with overall and cancer-specific death.

Conclusions: Our findings demonstrated an inverse association of baseline serum LDH with cancer-specific survival, corroborating
its role in cancer progression.

Aberrant energy metabolism is a common feature of cancer
(Hanahan and Weinberg, 2011). In normal cells, when oxygen is
available, pyruvate generated during the breakdown of glucose is
utilised to produce energy through oxidative phosphorylation. In
contrast, tumour cells prefer pyruvate metabolism via anaerobic
pathway regardless of oxygen availability, leading to inefficient fuel
production and formation of lactate. This anomalous metabolic
preference is known as the Warburg effect or ‘aerobic glycolysis’
(Vander Heiden et al, 2009; Thorne and Campbell, 2014).

Lactate dehydrogenase (LDH) is the enzyme responsible for the
conversion of pyruvate to lactate during glycolysis (Hirschhaeuser
et al, 2011). It is expressed in all tissues and its A and B subunits,
coded by two different genes LDH-A and LDH-B, combine to
construct five isoenzymes (LDH1 to LDH5) with selective
distribution among tissues and in serum (Maekawa, 1988).
In addition, LDH is known as a marker for tissue injury,
inflammation, haemolysis and myocardial infarction (Drent et al,
1996; Kemp et al, 2004; Kato et al, 2006). Elevated LDH levels are
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seen in cancer patients, and its prognostic value has been shown in
several malignancies such as germ cell tumours, lymphoma,
melanoma and renal cell carcinoma (Balch et al, 2004; Barlow
et al, 2010; Armstrong et al, 2012; Nagle et al, 2013). Most of these
studies were based in hospital or clinical trial settings, with LDH
assessed at diagnosis or after initiation of treatment. However,
recent evidence linking LDH-A and the oncogene c-MYC suggests
that metabolic derangements may occur before the tumour
becomes macroscopic, that is, before it is clinically
detectable (Ferreira et al, 2012). The role of these early metabolic
disturbances in the context of cancer survival remains poorly
understood.

Currently, there is also a lack of information on how serum
LDH contributes to cancer-specific survival in long-term follow-up
(Petrelli et al, 2015). In a prospective cohort with up to 25 years of
follow-up, we sought to investigate the association of prediagnostic
serum LDH with overall and cancer-specific deaths among 7895
individuals diagnosed with cancer. We assessed serum LDH
measured within 3 years before cancer diagnosis, during which the
tumour is likely to be preclinically present (Shen and Zelen, 2001),
and within 3 months before diagnosis, which represented its levels
at the time of diagnosis. Furthermore, we investigated temporal
associations between LDH and survival using LDH measured in
different interval periods before cancer diagnosis.

MATERIALS AND METHODS

The Apolipoprotein MOrtality RISk (AMORIS) study has been
described in detail elsewhere (Holme et al, 2010). Briefly, this study
included Swedish men and women with blood samples sequentially
sent to the Central Automation Laboratory (CALAB) in Stock-
holm, Sweden. This population was representative of the general
Stockholm population (Holme et al, 2010). Participants were either
healthy and had a laboratory testing as a part of general health
check up, or were outpatients referred for laboratory testing. None
of the participants were in-patients when samples were collected.
In the AMORIS study, the CALAB database was linked to Swedish
national registries, providing complete follow-up information.
Following a recent update, the AMORIS study now includes
laboratory measurements of 812 073 individuals with follow-up
information until 31 December 2011. From this population, we
selected 7895 men and women aged X20 years with histopatho-
logical diagnosis of incident cancer between 1986 and 1999 who
had prediagnostic serum LDH measurements. Follow-up time was
defined as the time from cancer diagnosis until the date of death
from any cause, emigration or end of study (31 December 2011),
whichever occurred first. The study complied with the Declaration
of Helsinki and was approved by the Ethics Review Board of the
Karolinska Institutet.

Diagnosis of cancer and outcomes. Cancer diagnosis was
obtained from the Swedish National Cancer Register and
International Classification of Diseases, 7th revision (ICD-7) codes
were used to classify major cancer sites. The outcomes of this study
were overall death and cancer-specific death. The latter was based
on information from the Swedish Cause of Death Register, using
ICD-8 since the beginning of study until 30 December 1986, ICD-9
from 1 January 1987 to 31 December 1996 and ICD-10 codes
afterwards (Supplementary Table S1). For specific cancer sites,
cancer-specific deaths were defined as individuals whose primary
cause of death matched their primary cancer diagnosis.

Assessment of exposure and covariates. Serum concentrations of
LDH (mkat l� 1) were measured with an enzymatic spectro-
photometric method (Holme et al, 2010) on automated multi-
channel analyzers (an AutoChemist-PRISMA, New Clinicon,
Stockholm, Sweden, 1985–1992; and a DAX 96, Technicon

Instruments Corporation, Tarrytown, NY, USA, 1993–1996)
(Holme et al, 2010). Total imprecision calculated by the coefficient
of variation was o4% for both analyzers. The method was fully
automated with automatic calibration and accredited laboratory
facilities (Holme et al, 2010). Prediagnostic LDH was defined as the
last measurement taken within 3 years before cancer diagnosis. For
a secondary analysis, we collected LDH measured within six
6-month intervals before cancer diagnosis and an average was
calculated for individuals with 41 measurement within any
interval time. We calculated the standardised value (z-score) of
LDH by subtracting with the mean and dividing by the s.d. Both
nontransformed LDH and its z-score were normally distributed. As
LDH cutoffs vary across laboratories, we used its upper limit of
normal (ULN) to categorise LDH into low and high levels (p ULN
and 4ULN).

Socioeconomic status (white collar, blue collar, unemployed or
unknown) was based on the national censuses (Wulaningsih et al,
2013a). We calculated Charlson comorbidity index (CCI) using
information from the National Patient Register. The CCI consists
of 17 groups of diseases with a specific weight assigned to each
disease category (Wulaningsih et al, 2013a). These weights were
then summed to obtain an overall score, resulting in four
comorbidity levels (0, 1, 2 and 3þ ) indicating no comorbidity to
severe comorbidity. Period of diagnosis was categorised (before
1989, 1989–1993, 1993–1997 and 1997 onwards) to account for the
long period of recruitment and differences in cancer management
over time. Information on tumour stage was available for 877 breast
cancer cases from the Stockholm Breast Cancer Quality Register and
was classified based on the American Joint Committee on Cancer
(AJCC) Cancer Staging Manual 7th edition (Stages I to IV).

Statistical analysis. We used Kaplan–Meier curves to assess
overall survival by categories of prediagnostic LDH, and statistical
differences were assessed with the log-rank test. Cox proportional
hazard regression was used to estimate hazard ratios (HRs) and
their 95% confidence intervals (CIs) of overall and cause-specific
death by z-score and categories of LDH, adjusting for age at
diagnosis. In the multivariable model, we further adjusted for sex,
socioeconomic status, CCI and period of diagnosis. We also
performed a site-stratified model by assigning each major cancer
site as an individual stratum and the remaining cancers as one
additional stratum. To assess serum LDH at the time of diagnosis,
we repeated our analyses in a subgroup of 1657 participants who
had their baseline LDH measured within 3 months before cancer
diagnosis.

To observe the association between baseline LDH and survival
in specific cancers, we performed similar multivariable analysis by
major cancer sites. For breast cancer there was information
available on tumour stage, and hence that we repeated this analysis
while adjusting for tumour stage. Cumulative incidence functions
were used to display cumulative risk of dying from all-cause and
cancer, and statistical difference was assessed with Gray’s test for
equality of cumulative incidence functions. We displayed Kaplan–
Meier curves and cumulative incidences only for deaths up to 10
years after diagnosis as trends past this cutoff point were similar to
the ones presented. However, statistical analyses were performed
using data for the whole follow-up.

In a secondary analysis, we aimed to observe any temporal
association between LDH and survival in cancer patients. Pearson’s
correlation coefficients (r) between LDH levels in different
intervals were calculated. The average of LDH was measured for
each 6-month time interval before cancer diagnosis and associa-
tions of LDH with overall and cancer-specific cancer survival for
each lag time were examined. The models were adjusted for age at
diagnosis, sex, socioeconomic status, CCI, period of diagnosis and
stratified by cancer sites. A subset analysis was performed for
breast cancer, stratified by tumour stage (I–II and III–IV).
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All analyses were conducted with Statistical Analysis Software
(SAS) release 9.4 (SAS Institute, Cary, NC, USA) and R version
3.0.2 (R Project for Statistical Computing, Vienna, Austria).

RESULTS

Baseline characteristics of study participants by LDH categories are
shown in Table 1. Mean age at diagnosis was 62 years. At the end
of follow-up (mean: 8.2 years), 5799 participants (73.5%) were
deceased. Participants with high levels of baseline LDH (4ULN)
were older and had higher comorbidity burden and lower 5-year
overall survival rates. Distributions of serum LDH z-score based on
characteristics of participants are available in (Supplementary
Figure S1). The three most frequent cancers were breast (female),
prostate and colorectal cancer.

Overall survival differed by LDH measured within 3 years before
diagnosis and within 3 months before date of diagnosis, that is,
LDH at the time at diagnosis, with lower survival seen with higher
LDH (Figure 1). Correspondingly, multivariable Cox proportional
hazards regression showed an increased risk of dying from all
causes with higher LDH z-score or categories, with the HR of 1.78

(95% CI: 1.64–1.94) comparing LDH levels above and below ULN.
Similar findings were found when assessing cancer-specific death,
for example, the HR for overall cancer death was 1.85 (95% CI:
1.68–2.03) for high vs low LDH. Associations were slightly
attenuated when the models were stratified by cancer site
(Table 2). Similar but more evident associations were found in
the subanalysis only including serum LDH at the time at diagnosis.

When specific cancer sites were assessed, higher risk of overall
death was observed with high LDH in individuals diagnosed with
breast, prostate, pulmonary, colorectal, gastro-oesophageal, mela-
noma and haematological cancer and melanoma (Figure 2). The
strongest association was seen for prostate cancer (HR: 2.19, 95%
CI: 1.63–2.95). Similar but weaker trends were found when
assessing cancer-specific death, with a positive association between
LDH and risk of dying from prostate, pulmonary, colorectal,
gastro-oesophageal and haematological cancer. In addition, a
positive association was seen with gynaecological cancer death.
Results were similar when z-score was used (results not shown). In
a subgroup analysis of 877 women with breast cancer and available
information on tumour stage, adjustment for tumour stage did not
alter the associations between LDH and death, with HR of all-cause
and breast cancer death of 1.73 (95% CI: 1.12–2.67) and 1.54 (95%
CI: 0.81–2.92), respectively, for high compared with low LDH
levels (results not shown).

We further visualised the association between LDH and cancer
with cumulative incidence functions (Figure 3) and found higher
cumulative risks of dying from overall, prostate, pulmonary,
colorectal, gastro-oesophageal, kidney, gynaecological and haema-
tological cancer with high LDH levels. Interestingly, an inverse
association was observed for head and neck cancer that approached
statistical significance (Gray’s test P¼ 0.05).

In our secondary analysis, LDH levels measured within 6-month
time intervals before cancer diagnosis were found to be increasing
in interval times closer to diagnosis for overall and several types of
cancer such as hepatobiliary and haematological cancer
(Supplementary Figure S2). The LDH measurements taken within
different interval times were highly correlated (r40.5 and
Po0.0001; Supplementary Table S2). When risk of overall death
in all participants was assessed for every interval time, a stronger
association was observed with mean LDH measured closer to
diagnosis, that is, within 1 year before diagnosis. However, we
found an increased risk of early death in those with high LDH
measured 30 to 36 months before diagnosis (HR: 1.46, 95% CI:
1.15–1.86). For cancer-specific death, associations were also
stronger when LDH was measured closer to diagnosis (Table 3).
Similarly, in patients with stage I to II breast cancer, we found a
positive association between LDH measured 30 to 36 months
before diagnosis and overall death (HR: 2.97, 95% CI: 1.38–6.39),
and between LDH measured 6 to 12 months before diagnosis and
breast cancer death (HR: 1.95, 95% CI: 1.24–16.00). Results in
advanced stage of disease were hampered by a low number of
events (results not shown).

DISCUSSION

In the present study, we found higher prediagnostic LDH to
correspond to lower overall and cancer-specific survival following
cancer diagnosis. More specifically, a greater risk of dying from
cancer was seen with increasing LDH in those diagnosed with
prostate, pulmonary, colorectal, gastro-oesophageal, gynaecological
or haematological cancer. Furthermore, we found that the
associations between LDH and both all-cause and overall cancer
deaths were stronger when LDH was measured closer to cancer
diagnosis.

Table 1. Baseline characteristics of study participants by
categories of serum LDH measured within 3 years before
cancer diagnosis

LDH

pULN, N (%) 4ULN, N (%)

No. % No. %

Age at diagnosis, years
Mean (s.d.) 62.3 (12.7) 65.6 (12.9)

Sex, %
Male 3682 51.0 381 56.1
Female 3534 49.0 298 43.9

Socioeconomic status, %
White collar 3136 43.5 237 34.9
Blue collar 2774 38.4 147 36.4
Not gainfully employed or unknown 1306 18.1 195 28.7

Charlson comorbidity index, %
0 5871 81.4 525 77.3
1 871 12.1 82 12.1
2 252 3.5 37 5.5
3þ 222 3.1 35 5.2

Period of diagnosis, %
Before 1989 1480 20.5 166 24.5
1989–1993 2215 30.7 235 34.6
1993–1997 2399 33.3 229 33.7
1997 onwards 1122 15.6 49 7.2

Cancer site, %
Breast 1081 15 37 5.5
Prostate 832 11.5 49 7.2
Pulmonary 598 8.3 70 10.3
Colorectal 784 10.9 82 12.1
Gastro-oesophageal 296 4.1 22 3.2
Hepatobiliary 130 1.8 36 5.3
Pancreas 222 3.1 35 5.2
Kidney 199 2.8 25 3.7
Bladder 335 4.6 14 2.1
Gynaecological 486 6.7 42 6.2
Head and neck 134 1.9 11 1.6
Melanoma 259 3.6 13 1.9
Central nervous system 302 4.2 14 2.1
Haematological 567 7.9 122 18

Median survival time, months 67.8 13.7

5-Year overall survival, % 95.3 4.7

Abbreviations: LDH¼ lactate dehydrogenase; ULN¼ upper limit of normal.
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Several plausible mechanisms may underlie the link between
LDH and cancer progression. Rapidly proliferating cancer cells
requires extreme supplies of energy and chronic hypoxia secondary
to tumour growth activates hypoxia-inducible factor 1 (HIF-1), a
key regulator of glycolysis and angiogenesis (Palmer and Clegg,
2014). The HIF-1 drives the metabolic switch to glycolysis by
stimulating expression of glycolytic enzymes (Seagroves et al, 2001)
and directly repressing mitochondrial function through activation
of pyruvate dehydrogenase kinase 1 (PDK-1) (Kim et al, 2006;
Papandreou et al, 2006). The subsequent accumulation of
glycolytic metabolites may promote further HIF-1 activation,
resulting in a feed-forward stimulatory loop in cancer cells (McFate
et al, 2008). Hypoxia-inducible factor 1 also upregulates angiogenic
factors including vascular endothelial growth factor-A (VEGF-A)
(Pouysségur et al, 2006), therefore linking glycolysis and LDH to
angiogenesis and cancer progression (Ostergaard et al, 2013; Parks
et al, 2013). However, continuous oxygen availability in glycolytic
cancers, such as leukaemia, suggests that other underlying factors

may trigger the switch to aerobic glycolysis before hypoxia occurs
(Vander Heiden et al, 2009). In addition, the tumour-promoting
role of A and B subunits of LDH has been suggested: increased
LDH-A levels are crucial in c-MYC-mediated cell transformation
(Shim et al, 1997; Lewis et al, 2000), whereas LDH-B is necessary in
mammalian target of rapamycin (mTOR)-mediated tumourigen-
esis (Zha et al, 2011). These biological findings imply that LDH
may be relevant to tumour growth and severity, and may also play
a role in carcinogenesis.

A prognostic value of serum LDH has been suggested in several
types of cancer, particularly haematological malignancies. Serum
LDH is a predictor of worse survival in diffuse large B-cell
lymphoma (DBCL) and is one of the five risk factors included in
the International Prognostic Index (IPI) (Nagle et al, 2013;
Zhou et al, 2014). Similar associations with survival have been
established in chronic myeloid and lymphocytic leukaemias
(Weinberg et al, 2007; Goldaniga et al, 2008) and small cell lung
cancer (SCLC) (You et al, 2008; Danner et al, 2010). In recent
clinical trials, elevated serum LDH has been shown as an
independent predictor of overall survival in advanced or metastatic
cancer of the breast (Brown et al, 2012), prostate (Scher et al, 2009;
Gravis et al, 2014), colorectum (Bar et al, 2014), oesophagus
(Polee et al, 2003), pancreas (Tas et al, 2001), ovary (Schneider
et al, 1998), nasopharynx (Jin et al, 2013), gastric adenocarcinoma
(Sougioultzis et al, 2011), hepatocellular carcinoma (HCC)
(Faloppi et al, 2014), renal cell carcinoma (Armstrong et al,
2012) and melanoma (Balch et al, 2004; Weide et al, 2012). The
inverse association with overall survival in solid tumours were
shown in a recent meta-analysis, with HR for overall death of 1.7
(95% CI: 1.62–1.79) (Petrelli et al, 2015). Nevertheless, a marked
publication bias was observed, with most of smaller studies
reporting only positive associations. Our study also found higher
risks of early death among cancer patients with high levels of
baseline serum LDH at the time of diagnosis and within 3 years
before diagnosis. However, when we performed site-specific
analysis with cancer-specific death as the outcome of interest, this
association was only shown in those diagnosed with prostate,
pulmonary, colorectal, gastro-oesophageal, gynaecological or
haematological cancer. Considering the link of LDH with other
chronic diseases that may contribute to death (Kemp et al, 2004;
Kato et al, 2006), it is therefore important to consider cause-
specific death to gain further insight into the prognostic relevance
of LDH.
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Figure 1. Kaplan–Meier curves for 10-year overall survival following cancer diagnosis by serum LDH levels measured (A) within 3 years before
diagnosis and (B) within 3 months before diagnosis.

Table 2. Hazard ratios and 95% confidence intervals for
associations between prediagnostic serum LDH and risk of
death following cancer diagnosis

LDH

Z-score pULN 4ULN

All-cause death
No. of deaths/all patients 5187/7216 612/679
Age adjusted 1.18 (1.16–1.21) 1.0 (Ref) 1.78 (1.64–1.94)
Multivariablea 1.16 (1.14–1.19) 1.0 (Ref) 1.66 (1.53–1.81)
Stratified by cancer sitea 1.12 (1.10–1.15) 1.0 (Ref) 1.43 (1.31–1.56)
Sampling p3 months
before diagnosisb

1.15 (1.12–1.18) 1.0 (Ref) 1.91 (1.65–2.20)

Cancer-specific death
No. of deaths/all patients 3760/7216 462/679
Age adjusted 1.19 (1.17–1.22) 1.0 (Ref) 1.85 (1.68–2.03)
Multivariablea 1.17 (1.14–1.20) 1.0 (Ref) 1.72 (1.56–1.90)
Stratified by cancer sitea 1.12 (1.10–1.15) 1.0 (Ref) 1.46 (1.32–1.61)
Sampling p3 months
before diagnosisb

1.17 (1.12–1.20) 1.0 (Ref) 2.06 (1.76–2.41)

Abbreviations: LDH¼ lactate dehydrogenase; Ref¼ reference; ULN¼upper limit of normal.
aAdjusted for age at diagnosis, sex, socioeconomic status, Charlson comorbidity index and
period of diagnosis.
bSubanalysis in 1657 participants. Adjusted for age at diagnosis, sex, socioeconomic status,
Charlson comorbidity index, period of diagnosis and stratified by cancer site.
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We observed a borderline inverse trend between LDH and head
and neck cancer death, although our analysis was limited by the
number of events. The unique distribution of LDH subunits

(Augoff et al, 2014) may explain different associations of serum
expression of LDH with specific cancer types. Supporting this
notion, our observation of average LDH levels measured by
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Figure 2. Hazard ratios and 95% confidence intervals for death following cancer diagnosis for high (4ULN) compared with low serum LDH
(pULN) as the reference, stratified by cancer site. All models were adjusted for age at diagnosis, sex, socioeconomic status, Charlson comorbidity
index and period of diagnosis.
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6-month intervals before diagnosis showed varying trends across
different cancer sites that may indicate a different extent of aerobic
glycolysis with respect to cancer types. It is known that the
majority of LDH subunits detected in the serum is LDH-B,
although LDH-A exists in a lesser amount (Maekawa, 1988). The
absence of LDH-B expression and its enzyme activities have been
reported in cell lines of breast (Brown et al, 2013), prostate
(Leiblich et al, 2006), gastric and pancreatic cancer (Maekawa et al,
2003), suggested to be driven by promoter hypermethylation. As
LDH-B kinetically favours the backward reaction of pyruvate–
lactate conversion (Augoff et al, 2014), this may suggest that LDH-
A, which mostly catalyses the formation of lactate, is more relevant
to cancer than LDH-B (Maekawa, 1988). However, recent evidence
has shown that higher tissue expression of LDH-B correlates to
overall survival in lung cancer and treatment response in breast
cancer (Dennison et al, 2013; McCleland et al, 2013), highlighting
the role of LDH-B in cancer progression. Given the scarcity of data
regarding the long-term impact of differential LDH expression on
cancer survival, further investigations are needed to confirm the
clinical usefulness of LDH with respect to its subunits or
isoenzymes.

In addition to the positive association between prediagnostic
LDH and death following cancer diagnosis, we were able to
demonstrate the importance of timing in LDH measurement.
Lactate dehydrogenase measured within 12 months before the
diagnosis of cancer was shown to be strongly associated with
overall and cancer-specific death, further indicating the relevance
between LDH and tumour growth or severity. The positive
association between LDH measured within 30 to 36 months before
diagnosis and risk of overall as well as breast cancer death further
signifies the importance of assessing cancer-specific death,
especially because higher LDH is also linked to cardiovascular
disease and mortality (Savory and Pryce, 1980; Kemp et al, 2004).

The strengths of our study included the prospectively collected
serum LDH before the diagnosis of cancer. Complete follow-up
was obtained and all laboratory measurements were performed in
the same laboratory (Holme et al, 2010). Although a number of
studies have indicated the association between LDH and
overall survival (Petrelli et al, 2015), this is the first population-
based study linking baseline LDH and cancer-specific survival.

A limitation of our study is the lack of information on cancer
treatment, and given the long period of recruitment (1986–1999),
variation in management of cancer may affect timing of cancer
diagnosis and its survival. We therefore accounted for period of
diagnosis in our analyses as a proxy for difference in screening
and treatment over time. Information on race/ethnicity was not
available; however, the AMORIS cohort was similar to the general
working population of Stockholm (Wulaningsih et al, 2013b) that
comprised B80% Swedish-born individuals in 2000 (Statistics
Sweden, 2015). Serum LDH increases because of other conditions
such as myocardial infarction, inflammation and tissue injury
(Drent et al, 1996; Kemp et al, 2004; Kato et al, 2006), and
therefore is not a specific marker of tumour. Higher LDH at
baseline may otherwise indicate inflammation or other disorders
involved in pathways leading to cancer development. However,
we limited our analysis to 3 years before diagnosis to exclude
reverse causation and adjusted for CCI in the analysis to take into
account other diseases that may have predisposed one to worse
survival. Nevertheless, residual confounding may occur. In
addition, we did not have information on LDH subunits or
isoenzymes and tumour characteristics such as stage, receptor
status and histological grade. However, associations between
LDH and all-cause or specific cancer death in breast cancer
patients were not affected by tumour stage. For several cancers
such as lymphoma, the combination between serum LDH and
tumour characteristics shows to be useful in predicting treatment
response and prognosis (Zhou et al, 2014). Thus, extrapolating
our findings to clinic may require similar combination
approaches with other biological markers in order to identify
patients at higher risks of dying from cancer.

CONCLUSION

Based on prospectively collected serum LDH, our study demon-
strated an inverse association between LDH and survival following
cancer diagnosis, adding to the current evidence on the role of
LDH in cancer progression. Future mechanistic studies are
therefore necessary to establish whether serum LDH is a proxy
of tumour growth and severity, which explains its association to
cancer survival, or whether it is also involved in early
carcinogenesis.
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