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Pre- and on-treatment lactate dehydrogenase as a prognostic
and predictive biomarker in advanced non-small cell lung
cancer
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BACKGROUND: The survival outcomes of patients with advanced non-small cell lung cancer (NSCLC) treated with immune checkpoint
inhibitors (ICls) are variable. This study investigated whether pre- and on-treatment lactate dehydrogenase (LDH) could better prognos-
ticate and select patients for ICI therapy. METHODS: Using data from the POPLAR and OAK trials of atezolizumab versus docetaxel in
previously treated advanced NSCLC, the authors assessed the prognostic and predictive value of pretreatment LDH (less than or equal
to vs greater than the upper limit of normal). They further examined changes in on-treatment LDH by performing landmark analyses and
estimated overall survival (OS) distributions according to the LDH level stratified by the response category (complete response [CR]/
partial response [PR] vs stable disease [SD]). They repeated pretreatment analyses in subgroups defined by the programmed death
ligand 1 (PD-L1) status. RESULTS: This study included 1327 patients with available pretreatment LDH. Elevated pretreatment LDH was
associated with an adverse prognosis regardless of treatment (hazard ratio [HR] for atezolizumab OS, 1.49; P = .0001; HR for docetaxel
0S, 1.30; P = .004; P for treatment by LDH interaction = .28). Findings for elevated pretreatment LDH were similar for patients with posi-
tive PD-L1 expression treated with atezolizumab. Persistently elevated on-treatment LDH was associated with a 1.3- to 2.8-fold increased
risk of death at weeks 6, 12, 18, and 24 regardless of treatment. Elevated LDH at 6 weeks was associated with significantly shorter OS
regardless of radiological response (HR for CR/PR, 2.10; P = .04; HR for SD, 1.50; P < .01), with similar findings observed at 12 weeks.
CONCLUSIONS: In previously treated advanced NSCLC, elevated pretreatment LDH is an independent adverse prognostic marker.
There is no evidence that pretreatment LDH predicts ICI benefit. Persistently elevated on-treatment LDH is associated with worse OS
despite radiologic response. Cancer 2022;128:1574-1583. © 2022 The Authors. Cancer published by Wiley Periodicals LLC on behalf of
American Cancer Society. This is an open access article under the terms of the Creative Commons Attribution-NonCommercial-NoDerivs
License, which permits use and distribution in any medium, provided the original work is properly cited, the use is non-commercial and
no modifications or adaptations are made.
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INTRODUCTION
Despite evidence of improved outcomes for patients treated with immune checkpoint inhibitors (ICIs) in advanced
non-small cell lung cancer (NSCLC), there is significant variability in progression-free survival (PES) and overall survival
(0S)."® For example, among patients with advanced NSCLC treated with ICls in second- or later-line settings, approxi-
mately 1 in 2 progress within 3 months, but 1 in 5 remain progression-free beyond 1 year." Programmed death ligand 1
(PD-L1) expression in tumors is used to guide selection for ICI therapy, particularly in the first-line setting, but this has
its limitations.” Approximately 15% of patients with PD-L1-negative tumors®* will derive a clinical benefit, whereas at
least 40% of patients with PD-L1—positive tumors®> will not. Therefore, there is a critical need for additional pre- and/
or on-treatment biomarkers to better prognosticate, select, and predict the durability of benefit for patients with NSCLC
treated with ICI therapy to inform treatment decisions and patient counselling.

Lactate dehydrogenase (LDH) is widely accepted as a prognostic marker in a range of advanced solid tumors,
including NSCLC.*'* As a marker of systemic inflammation and tumor burden, LDH can modulate the tumor

Corresponding Author: Angelina Tjokrowidjaja, MBBS(Hons), MMed(Clin Epi), MRCP(UK), National Health and Medical Research Council Clinical Trials Centre, University
of Sydney, 92-94 Parramatta Rd, Level 5, Camperdown, NSW, Australia 2050 (angelina.tjokrowidjaja@sydney.edu.au).

'National Health and Medical Research Council Clinical Trials Centre, University of Sydney, Sydney, New South Wales, Australia; “Department of Medical Oncology,
St George Hospital, Kogarah, New South Wales, Australia; >School of Medicine, University of Notre Dame, Sydney, New South Wales, Australia; *Peter MacCallum Cancer
Centre, Melbourne, Victoria, Australia; *Prince of Wales Clinical School, University of New South Wales, Sydney, New South Wales, Australia

We acknowledge Roche for providing individual patient data for the purposes of this analysis.

Additional supporting information may be found in the online version of this article.

DOI: 10.1002/cncr.34113, Received: November 12, 2021; Revised: December 26, 2021; Accepted: January 4, 2022, Published online January 28, 2022 in Wiley Online
Library (wileyonlinelibrary.com)

1574 Cancer  April 15,2022


mailto:﻿
https://orcid.org/0000-0002-2020-2369
https://orcid.org/0000-0003-2955-9820
http://creativecommons.org/licenses/by-nc-nd/4.0/
mailto:angelina.tjokrowidjaja@sydney.edu.au

LDH in advanced lung cancer/Tjokrowidjaja et al

microenvironment by increasing the production of lactate
and promoting immunosuppression.'”'* For NSCLC,
LDH and other inflammatory markers have been incor-
porated into prognostic models to risk-stratify patients
treated with chemotherapy’ and ICIs."> Mezquita et al"
reported that elevated pretreatment LDH is associated
with worse outcomes in patients treated with ICls but
not chemotherapy, and this suggests a potential role for
treatment selection. However, the existing evidence is
largely derived from retrospective studies with limited
information on the PD-L1 status.”'®'* The prognostic
and predictive value of LDH is best examined in random-
ized controlled trials (RCTs) of ICIs versus chemotherapy,
which allow for analyses of comparative differences be-
tween treatment arms according to LDH levels.

In addition, for patients receiving IClIs for advanced
NSCLC, very little is known about the clinical value of
changes in LDH. The majority of prognostic risk tools”'
using LDH rely on baseline factors and do not assess the
impact of its change with systemic therapy. Because LDH
has the advantage of being cheap and accessible for serial
sampling, it is worthwhile to evaluate whether dynamic
changes in LDH relative to the baseline provide addi-
tional prognostic information.

Toaddress these gaps, we used data from the POPLAR®
and OAK' RCTs to assess both the pre- and on-treatment
value of LDH in patients with advanced NSCLC after the
commencement of ICIs or chemotherapy.

MATERIALS AND METHODS

Study Population

We used individual patient data from 2 trials of pa-
tients with previously treated NSCLC randomized to
atezolizumab or docetaxel: the phase 2 trial POPLAR
(NCT01903993)* and the phase 3 trial OAK
(NCT02008227)." OS was the primary end point in both
studies, and PFS was a secondary end point. Patients were
assigned to atezolizumab (a 1200-mg fixed dose) or doc-
etaxel (75 mg/m?) every 3 weeks until there was Response
Evaluation Criteria in Solid Tumors—defined progressive
disease, there was unacceptable toxicity, or the investiga-
tor deemed that the patient no longer derived benefit
from treatment. Both POPLAR and OAK showed similar
PFS with atezolizumab in comparison with docetaxel, but
there was a significant OS benefit. Full details have been
previously reported."” For our analysis, patients with
known EGFR mutations and EML4-ALK translocations
were excluded because ICIs were considered to be less ef-

fective in these patients.”
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Pre- and On-Treatment LDH

LDH was measured in local laboratories before study
commencement and then at the start of each treatment
cycle. We evaluated pretreatment LDH as a continuous
and categorical variable on the basis of the local labora-
tory cut point of the upper limit of normal (ULN) to
better reflect how it might be used in routine practice.

Statistical Analysis
Pretreatment LDH

We summarized baseline patient data descriptively. We ex-
amined the prognostic value curves for PFS and OS out-
comes, which were compared with the log-rank test, and
performed univariate analyses with Cox proportional haz-
ards regression modeling. To assess whether LDH was an
independent prognostic factor, a multivariate Cox model
was fitted with variables selected according to their clini-
cal relevance and statistical significance in the univariate
analyses (cutoff P < .20). The baseline variables consid-
ered included the following: treatment arm; sex; Eastern
Cooperative Oncology Group performance (ECOG) sta-
tus; smoking status; LDH; histology; PD-L1 status; and
presence of liver, bone, and brain metastases. To assess
whether LDH was predictive of treatment efficacy, a Cox
model with a treatment covariate (atezolizumab vs doc-
etaxel), the LDH status, and their interaction was used.

On-treatment LDH

We examined on-treatment LDH by summarizing
changes in LDH relative to the baseline as follows: 1) re-
main high (LDH > ULN), 2) remain low (LDH < ULN),
3) high to low (LDH > ULN at the baseline but LDH
< ULN after the baseline), and 4) low to high (LDH <
ULN at the baseline but LDH > ULN after the baseline).
We evaluated the prognostic value of on-treatment LDH
by correlating the LDH level (KULN vs >ULN) with
PFES and OS at different landmark time points (6, 12, 18,
and 24 weeks) for each treatment arm; we excluded those
patients who progressed or died before landmark time
points. Because only a minority of patients experienced
an LDH change (from high to low or from low to high),
we assessed on-treatment changes in LDH by using land-
mark analyses at week 6 for both treatment arms.

To assess whether an LDH change at 6 weeks was
associated with a clinical benefit (complete response
[CR], partial response [PR], or stable disease [SD]) at 12
weeks, we performed a logistic regression analysis. To fur-
ther assess the additive value of LDH over the Response
Evaluation Criteria in Solid Tumors response, we esti-
mated distributions of PFS and OS according to LDH
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levels among those with CR or PR versus those with SD
at the different landmark time points.

LDH analyses based on the PD-L1 subgroup
We performed pretreatment analyses to account for
the PD-L1 status as a known prognostic and predic-
tive factor for patients undergoing ICI therapy. The
PD-L1 status was defined as undetectable or low when
PD-L1 expression was <1% on both tumor and tumor-
infiltrating cells (TCO or ICO0), and the PD-L1 status
was defined as positive when PD-L1 expression was
1% and <50% on tumor cells or >1% and <10% on
tumor-infiltrating cells (TC1/2 or IC1/2) or >50% on
tumor cells or >10% on tumor-infiltrating cells (TC3
or 1C3).

Analyses were not adjusted for multiple testing; all
P values were 2-sided.

RESULTS

Among the 1512 patients eligible for analysis (1225 in
OAK and 287 in POPLAR), 132 had EGFR mutations, 8
had EMLA-ALK translocations, and 45 had missing pre-
treatment LDH values; this left 1327 (88%) for analy-
sis (Supporting Fig. 1). The median follow-up was 18.9
months (range, 0.03-24.9 months).

Baseline summarized in
Supporting Table 1. The median pretreatment LDH
level was 234 U/L (range, 185-347 U/L). Most patients
were male, previous smokers with nonsquamous stage

IV NSCLC and baseline LDH levels within the normal
range.

characteristics  are

Prognostic Value of Pretreatment LDH

Patients with elevated pretreatment LDH had a higher
risk of progression (hazard ratio [HR], 1.33, 95% con-
fidence interval [CI], 1.18-1.49; P < .0001) and death
(HR, 1.40; 95% CI, 1.22-1.59; P < .0001) than those
with LDH within the normal range (Supporting Table 1).
Among patients treated with atezolizumab, the median
PES and OS were significantly shorter for elevated LDH
versus normal-range LDH (PFS, 1.5 vs 3.2 months;
HR, 1.35; 95% CI, 1.15-1.60; P = .004; OS, 9.5 vs
15.3 months; HR, 1.49; 95% ClI, 1.23-1.81; P = .0001;
Fig. 1A,C). Similar findings were observed among those
treated with docetaxel. LDH remained a significant in-
dependent variable in multivariate analysis (HR for PFS,
1.30; 95% CI, 1.15-1.46; P < .001; HR for OS, 1.38;
95% CI, 1.20-1.58; P < .001; Supporting Table 2) with
a similar magnitude of effect for both treatment arms

(Supporting Tables 3 and 4).
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Predictive Value of Pretreatment LDH

Among patients with LDH within the normal range, the
median OS for atezolizumab and docetaxel was 15.3 and
10.7 months, respectively (HR, 0.70; 95% CI, 0.58-0.83;
P =.0001). Among patients with elevated LDH, the me-
dian OS for those receiving atezolizumab and docetaxel
was 9.5 and 8.6 months, respectively (HR, 0.84; 95% CI,
0.69-1.02; P = .08). Pretreatment LDH, whether normal
or elevated, did not identify a differential benefit in favor
of either atezolizumab or chemotherapy for OS (interac-
tion P = .28; Fig. 2).

We found similar results for PFS. Among patients
with LDH within the normal range, the median PFS
for atezolizumab and docetaxel was 3.2 and 4.1 months,
respectively (HR, 0.86; 95% CI, 0.74-1.01; P = .00).
Among those with elevated LDH, the median PES was
1.5 and 2.8 months, respectively (HR, 1.001; 95% CI,
0.84-1.20; P = .99). Therefore, the LDH level did not
predict the additional benefit of either atezolizumab or
chemotherapy (interaction P = .42; Fig. 2).

On-Treatment Value of LDH

Most patients had LDH within the normal range at week
6 (61%) and week 12 (66%), and only a minority experi-
enced a change in LDH (Supporting Table 5).

Elevated LDH at week 6 among patients treated
with atezolizumab was associated with worse PFS (HR,
1.36; 95% CI, 1.06-1.74; P = .02) and OS (HR, 1.54;
95% CI, 1.20-1.96; P = .0008). The risks of disease pro-
gression and death were similar as of the baseline and at
the other time points of 12, 18, and 24 weeks (Figs. 3A
and 4A). We found similar results among patients treated
with docetaxel (Figs. 3B and 4B). Notably, patients who
experienced a change in LDH from low to high or from
high to low at week 6 experienced risks of progression and
death similar to those of patients with LDH levels that
remained high or remained low, respectively (Supporting
Table 6).

A change in LDH at week 6 was not associated
with a clinical benefit at 12 weceks after adjustments
for the following: ECOG status; histology; PD-L1 sta-
tus; presence of bone, liver, or bone metastases; and
interaction with treatment (data not shown). At the
6-week landmark time point, among patients treated
with either treatment, the median OS was shorter with
elevated LDH versus normal-range LDH among pa-
tients with CR or PR (16.2 vs 23.2 months; HR, 2.10;
95% CI, 1.03-4.30; P = .04) as well as those with SD
(12.6 vs 18.2 months; HR, 1.50; 95% CI, 1.22-1.85;
P <.001), with adjustments made for other prognostic
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Figure 1. Pretreatment LDH (high vs normal) as a prognostic marker: (A,B) PFS in the atezolizumab and docetaxel arms, respectively,
and (C,D) OS in the atezolizumab and docetaxel arms, respectively. Cl indicates confidence interval; HR, hazard ratio; LDH, lactate
dehydrogenase; OS, overall survival; PFS, progression-free survival; ULN, upper limit of normal (based on the local laboratory cut

point).

factors. Similar PFS findings were observed for patients
with CR or PR as well as those with SD (Fig. 5). Similar
findings were also noted for the 12-week landmark time
point (data not shown).

LDH Analyses by PD-L1 Status

When patients treated with atezolizumab were stratified
by the PD-LI status, elevated pretreatment LDH was
associated with worse PFS (HR, 1.50; 95% CI, 1.15-
1.94; P = .003) and OS (HR, 1.67; 95% CI, 1.24-2.26;
P = .0008) among those with low or undetectable PD-
L1 expression (TCO0/ICO0). Among those with TC1/2 or
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IC1/2, elevated pretreacment LDH was similarly associated
with worse PES but did not reach statistical significance
(Fig. 6). We were unable to perform a correlative analysis
for the TC3/IC3 subgroup because of the small numbers.

DISCUSSION

Our analysis of the POPLAR and OAK trials found
no evidence for pretreatment LDH being able to pre-
dict a benefit with atezolizumab over docetaxel in pa-
tients with advanced NSCLC treated with second- or
later-line atezolizumab. Despite the lack of predictive
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Figure 2. Pretreatment LDH as a predictive marker for atezolizumab benefit: (A,B) PFS by treatment arm in patients with LDH
within the normal range and patients with elevated LDH, respectively, and (C,D) OS by treatment arm in patients with LDH within
the normal range and patients with elevated LDH, respectively. Cl indicates confidence interval; HR, hazard ratio; LDH, lactate

dehydrogenase; OS, overall survival; PFS, progression-free survival.

ability, LDH is a robust and independent pre- and on-
treatment prognostic marker even after we account
for the PD-L1 status. As an on-treatment prognostic
marker, LDH predicted the risk of progression and
death at landmark time points similarly to that of the
baseline. Furthermore, among patients experiencing an
objective response or SD and receiving atezolizumab
or docetaxel, on-treatment LDH can help to identify a
poorer prognostic subgroup.

There is an unmet need to validate promising pre-
dictive biomarkers for ICI therapy with high-quality RCT
data'®"” to optimize treatment selection and minimize
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harm by identifying patients likely to respond or prog-
ress early. However, there is considerable confusion in
the literature surrounding predictive biomarkers for ICI
therapy, where the terms predictive and prognostic are used
interchangeably.M’18 When one is referring to the predic-
tion of treatment benefit, the term predictive factor identi-
fies a patient group that benefits more from one treatment
than an alternative treatment, whereas a prognostic factor
predicts for a better outcome regardless of the treatment
received.'” Before our study, the evidence supporting can-
didate predictive biomarkers, including LDH, in patients
with advanced NSCLC treated with ICIs was limited by
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Figure 3. Landmark analysis of progression-free survival by LDH status at O to 24 weeks on treatment in (A) the atezolizumab
arm and (B) the docetaxel arm. Cl indicates confidence interval; HR, hazard ratio; LDH, lactate dehydrogenase; ULN, upper limit of

normal (based on the local laboratory cut point).

retrospective analyses, which cannot determine the in-
dependent causal effect of the biomarkers on therapeu-
tic efficacy.””*' By using RCTs to compare 2 treatments
and minimize bias, our analysis provides strong evidence
that LDH is not predictive for a benefit with ICIs over
chemotherapy and should not be used to select patients
for ICI therapy. We hypothesize that LDH may nonspe-
cifically reflect cell or tissue injury during treatment and
does not exclusively capture the tumor microenvironment
response to ICI therapy.

The clinical utility of LDH lies in its prognostic abil-
ity. Our findings are consistent with earlier studies of pre-
treatment LDH as a prognostic marker in patients with
advanced NSCLC treated with ICIs."*'**%* In a meta-
analysis of retrospective studies of patients with NSCLC
treated with IClIs, high pretreatment LDH was signifi-
cantly associated with poor PFS and OS.'* Furthermore,
Mezquita et al'® developed and validated a pretreatment
lung immune prognostic index where patients with
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elevated LDH levels and derived neutrophil to lympho-
cyte ratios had worse disease control rates and OS when
treated with ICIs but not chemotherapy. Our study adds
to the literature by providing novel, clinically relevant evi-
dence on the value of on-treatment LDH, including at the
time of assessing the treatment response, and on the value
of pretreatment LDH as an addition to PD-L1 expression,
which has not been previously addressed.'>*?%%3

Our study comprehensively assessed the prognostic
value of LDH beyond the start of therapy. Only a mi-
nority of patients experienced a change in LDH with
chemotherapy or ICI therapy, and this was unexpected.
Patients with elevated LDH at any given time point
during the first 6 months of therapy had lower survival
probabilities than patients with LDH within the normal
range. Notably, the risk of progression or death remained
similar at the landmark time points in comparison with
the baseline. For example, a patient with an elevated
LDH level at the baseline or at 6 months, who had not
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Figure 4. Landmark analysis of overall survival by LDH status at O to 24 weeks on treatment in (A) the atezolizumab arm and (B)
the docetaxel arm. Cl indicates confidence interval; HR, hazard ratio; LDH, lactate dehydrogenase; ULN, upper limit of normal (based

on the local laboratory cut point).

progressed earlier, had a 1.5-fold increase in the risk of
death at both time points. Our findings support the ro-
bustness of LDH as a prognostic marker, both before and
on treatment, that can inform patient and clinician dis-
cussions on prognosis beyond the baseline.

In both routine practice and trial settings, the ra-
diologic response guides treatment decision-making.
However, there is variability in individual survival out-
comes regardless of radiologic response.”” In a pooled
analysis of 2 RCTs of chemotherapy versus nivolumab in
patients with advanced NSCLC, among patients treated
with nivolumab experiencing a radiologic response, only
approximately 1 in 3 derived durable responses after 2
years.”> Our findings demonstrate that among patients
with either an objective response or SD, an elevated LDH
status at the time of first computed tomography imaging
identifies a poorer prognosis subgroup in comparison with
patients with LDH within the normal range. However,
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further research is required, as we do not advocate using
on-treatment LDH as a sole determinant for decisions
around treatment cessation. Others have reported the po-
tential value of combining the baseline and the relative
change in LDH on treatment with C-reactive protein,
the neutrophil to lymphocyte ratio, and the tumor size
to develop a risk score to predict radiological disease pro-
gression.24 In particular, future studies could focus on val-
idating pre- and on-treatment LDH combined with other
inflammatory and/or novel biomarkers such as circulating
tumor DNA?*?’ as part of a risk tool using high-quality
and large data sets. A reliable and robust risk tool would
be helpful for distinguishing pseudo-progression from
true radiological progression and for risk-stratifying pa-
tients and determining whether those of poor risk would
benefit from escalation to combination therapy.

9,13,14

In comparison with prior studies, we have

demonstrated more robustly the prognostic value of
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Figure 5. Landmark analysis stratified by the LDH status at 6 weeks: (A,B) PFS in patients with a partial/complete response and
patients with stable disease, respectively, and (C,D) OS in patients with a partial/complete response and patients with stable disease,
respectively. HRs were adjusted for the Eastern Cooperative Oncology Group status; histology; PD-L1 status; and presence of brain,
liver and bone metastases. Cl indicates confidence interval; HR, hazard ratio; LDH, lactate dehydrogenase; OS, overall survival; PD-
L1, programmed death ligand 1; PFS, progression-free survival; ULN, upper limit of normal (based on the local laboratory cut point).

pretreatment LDH by accounting for PD-L1 expression.
An elevated pretreatment LDH level was significantly as-
sociated with worse outcomes among patients with low or
undetectable PD-L1 expression (TCO0/IC0) treated with
atezolizumab or docetaxel. Among those with positive PD-
L1 expression (TC1/2/3 or IC1/2/3) treated with atezoli-
zumab, an elevated pretreatment LDH level was associated
with a nonsignificant trend of worse PFS and OS; this
likely reflected the small patient numbers. Further studies
with larger sample sizes are needed to validate this finding.

A major strength of our study is our use of high-
quality RCT data sets with more than 1300 participants
and with pretreatment LDH values as well as the PD-L1
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status available for almost all patients. In particular, these
data sets of randomized comparisons between ICls and
chemotherapy provide unconfounded comparisons of
these 2 classes of treatment. Our longitudinal analysis of
on-treatment LDH adds to the limited data on the value
of LDH as a prognostic marker beyond the baseline in
patients with advanced NSCLC treated with ICIs and
provides guidance on the clinical interpretation of LDH.

We acknowledge the limitations and weaknesses
of our study. Although ICIs are now routinely used as
first-line management of advanced NSCLC, our findings
from RCTs of second and subsequent lines are still rele-
vant and applicable. Our analysis is specifically based on
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Figure 6. (A,B) Progression-free survival by baseline LDH (high vs normal) stratified by the PD-L1 status in the atezolizumab and
docetaxel arms, respectively, and (C,D) OS by baseline LDH (high vs normal) stratified by the PD-L1 status in the atezolizumab and
docetaxel arms, respectively. Cl indicates confidence interval; HR, hazard ratio; LDH, lactate dehydrogenase; PD-L1, programmed
death ligand 1; ULN, upper limit of normal.
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2 large RCTs of atezolizumab, and the generalizability of
these results needs to be confirmed for other ICI agents.
Despite our pooled analysis, our analyses based on PD-L1
subgroups were limited by the sample size, and further
larger studies are required. By using trial data sets, our
study did not include patients with a poor performance
status. However, our findings regarding the prognostic

value of pretreatment LDH are consistent with retrospec-
tive studies of real-world patients.”'®*

In conclusion, LDH is a useful pre- and on-treatment
prognostic marker that can assist clinicians in counselling
patients with advanced NSCLC undergoing second- or
later-line atezolizumab or docetaxel. However, our findings
fail to support the use of LDH as a predictive biomarker
for ICI therapy. Future studies should rigorously validate

promising predictive biomarkers with randomized data.
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