Therapeutic Advances in Medical Oncology Original Research
Pretreatment hemoglobin level as a S

DOI: 10.1177/

predictor to evaluate the efficacy of immune
© The Authorl(s), 2020.

checkpoint inhibitors in patients with s i gt
advanced non-small cell lung cancer

permissions

Zhibo Zhang*"*’, Fan Zhang*, Fang Yuan, Ye Li, Junxun Ma, Qiuxiang Ou"=’, Zhefeng Liu,

Bo Yang, Lijie Wang, Haitao Tao, Sujie Zhang, Xiaoyan Li, Xiaoyu Zhi, Xiangwei Ge, Hua Bao,

Xue Wu, Yi Hu and Jinliang Wang Correspondence to:
Jinliang Wang
Department of Oncology,

The Second Medical
Abstract Center of Chinese PLA

Background: Targeting immune checkpoints represents an immense breakthrough in General Hospital, 28
Fuxing Road, Haidian

cancer therapeutics. The prognostic value of hemoglobin (Hb) has been investigated in many District, Beijing, China

malignancies including non-small cell lung cancer (NSCLC). However, the prognostic impact :via::ji"lia"93°m°3'°°m
of pretreatment Hb count for immune checkpoint inhibitors (ICls) in advanced NSCLC patients  pepartment of 0ncology,

. Chinese PLA General
remains unclear. Hospital, 28 Fuxing Road,

Methods: A total of 310 late-stage NSCLC patients who received ICl therapies between Eis@dian District, Beijing,
January 2015 and March 2019 were prospectively enrolled. We used a propensity score- hu;,?gmzlxbmsina_mm
matched cohort analysis for this study. Patients’ clinicopathological characteristics and Zhibo Zhang

Department of Oncology,

pretreatment Hb concentration were assessed against the progression-free survival ([PFS]) and 1, b e vedical Conter
overall survival (0S) using the Kaplan-Meier method and Cox proportional hazards regression. afChF?iSEP_EAG%“h?ral
Results: A propensity score (PS)-matched cohort analysis was applied to adjust for potential P e

Department of Oncology,

bias and to create two comparable groups according to patients’ clinicopathological Chinese PLA General
characteristics. The patients with normal baseline Hb levels (=110g/L) had significantly longer ?::F;';:Eit;g;mh'yna
PFS [median: 10.0 versus 4.0months, hazard ratio (HR): 0.63, 95% confidence interval (Cl): Hospital of Chinese PLA,
0.46-0.86; p=0.001] and 0S [median: 17.6 versus 10.5months, HR (95% Cl): 0.56 (0.40-0.79); Tudneng. e

p <0.001] than those with decreased Hb count (<110g/L]) in a PS-matched cohort (n=255). F::ngajgg

For patients with normal pretreatment Hb levels, ICI combination therapy was significantly ;:2;‘::9’:'_1
associated with better PFS [median: 11.1 versus 8.0 months, HR (95% Cl): 0.74 (0.50-1.06); Bo Yang

p=0.09] and OS [median: 26.0 versus 12.9 months, HR (95% Cl): 0.56 (0.37-0.86); p=0.008] than hg'.faf?;?,
monotherapy, but there was no such trend for patients with decreased baseline Hb levels. i:’al':y::i':g
Conclusion: Our findings showed that normal pretreatment Hb count served as a favorable Department of Oncology,
prognostic marker in advanced NSCLC patients treated with ICls, representing an economical  fove aeing cnins

biomarker with readily measuring performance among all reported ones. Yeli
Department of
Radiotherapy, Chinese
Keywords: efficacy, hemoglobin, immune checkpoint inhibitors, non-small cell lung cancer, P deneral Hospital.
jing, China
predictor Qiuxiang Ou
Translational Medicine
Research Institute,
Received: 24 June 2020; revised manuscript accepted: 2 October 2020. Geneseeq Technology Inc.,
Toronto, Ontario, Canada

Xiaoyu Zhi
Xiangwei Ge
Introduction metastatic stages, indicative of its late detection Eﬁpzrtmef:slf ST‘CT‘OGJ%
. . . . . e >econ edaica
Lung cancer remains the leading cause of cancer- and biological aggressiveness.? Although molecu- center of Chinese PLA

related deaths on a global basis.!2 Non-small cell lar targeted therapies alone or in combination gﬁrneara‘HUSP”alv Beijing,
lung cancer (NSCLC) comprises about 85-90%  with chemotherapy and radiation have drastically . . =~ .
of all lung cancers and is generally diagnosed at improved clinical outcomes in NSCLC patients PLA, Beijing, China

journals.sagepub.com/home/tam 1

@ @ Creative Commons Non Commercial CC BY-NC: This article is distributed under the terms of the Creative Commons Attribution-NonCommercial 4.0 License
@ (https://creativecommons.org/licenses/by-nc/4.0/) which permits non-commercial use, reproduction and distribution of the work without further permission
BY NC

provided the original work is attributed as specified on the SAGE and Open Access pages (https://us.sagepub.com/en-us/nam/open-access-at-sage).


https://journals.sagepub.com/home/tam
https://uk.sagepub.com/en-gb/journals-permissions
https://uk.sagepub.com/en-gb/journals-permissions
mailto:wangjinliang301@163.com

Therapeutic Advances in Medical Oncology 12

Hua Bao

Xue Wu

Translational Medicine
Research Institute,
Geneseeq Technology Inc.,
Toronto, Ontario, Canada

*These authors contributed
equally to this paper.

harboring well-known oncogenic drivers, such as
EGFR mutations and ALK fusions, the majority
of patients inevitably acquired therapeutic resist-
ance and had disease relapse with a 5-year sur-
vival rate of less than 20%.4

Recent advances in lung cancer treatment are
emerging from new immunotherapies that target
T-cell inhibitory receptors, such as programmed
cell death-1 (PD-1).Blockade of PD-1 and pro-
grammed cell death-ligand 1 (PD-L1) interaction
has shown to result in very durable responses and
prolonged survival in advanced NSCLC patients
with low side-effect incidence and long-term bene-
fits by numerous clinical trials.>® However, overall
response rate of ICI treatment among unselected
advanced NSCLC patients was about 20%.1°
Hitherto, intra-tumoral PD-L1 expression and
tumor mutation burden (TMB) are the most
widely studied biomarkers of appropriate NSCLC
patients selection for immunotherapy,®!1-16 but
their predictive values are still under controversy,
mainly due to the lack of standard assessment crite-
ria.1”-20 Other challenges hindering the implemen-
tation of these biomarkers in the clinic include
involvement of invasive procedures, expensive cost,
and complex data analysis of next-generation
sequencing. These findings underline an unmet
urgent need to identify novel predictors for the effi-
cacy of immunotherapy.2!

Anemia is a hematological abnormality commonly
occurring in advanced cancer patients as a direct or
indirect result of tumor progression or antineoplas-
tic therapy.??2 Mounting evidences demonstrated
that anemia and hypoxemia may be implicated in
tumor growth, motility, anti-apoptosis, and angi-
opoiesis, thereby influencing treatment effects.?3
According to the National Comprehensive Cancer
Network (INCCN) guideline, hemoglobin (Hb)
level of less than 110 g/L is defined as cancer-related
anemia.?* Decreased Hb levels have been shown
associated with poor patient prognosis in many
solid malignancies.?>-27 Hence, we aim to investi-
gate whether the pretreatment Hb level represents
a valuable prognostic biomarker of benefits from
immune checkpoint inhibitor (ICI) therapy in
advanced NSCLC patients.

Materials and methods
Study population and data collection

A total 0of 410 advanced (stage ITIB to IV) NSCLC
patients who received ICI treatment at the

Chinese PLLA General Hospital between January
2015 and March 2019 were prospectively
enrolled. Among them, 310 patients met the fol-
lowing eligibility criteria: (1) histological confir-
mation of stage IIIB—IV according to the eighth
edition of the TNM classification for NSCLC;
(2) receiving ICI treatment for at least 6 weeks
and participating in the evaluation of treatment
response at least once; (3) baseline Hb levels were
measured.

The clinicopathological characteristics including
age, sex, stage, smoking history, histological type,
Eastern Cooperative Oncology Group Performance
Status (ECOG PS), prior lines of therapy, treat-
ment type, and brain metastasis were recorded.

Radiology response assessment was performed
according to the Response Evaluation Criteria in
Solid Tumors version 1.1,28 including complete
response, partial response, stable disease, and pro-
gressive disease. Progression-free survival (PFS)
was defined as the time from the first dose of ICI to
the date of disease progression or death (whichever
occurred first), and overall survival (OS) was
referred to as the time between the first immuno-
therapy and death. The last follow-up date was
recorded under the situation that patients were
censored. The cut-off date was 20 December 2019.

Statistical analysis

Statistical analyses were performed using the SPSS
19.0 software (IBM Corporation, Armonk, NY,
USA). Baseline covariates were balanced by the
method of propensity score (PS)-matching using
Matchlt v3.0.2 (http://gking.harvard.edu/matchit).
Patients were grouped by the suggested Hb level of
110g/L according to the NCCN guideline.2* The
Kaplan—-meier method and the Log-rank test were
used to analyze survival data. Univariate and mul-
tivariate analyses were performed using Cox
regression model for calculating hazard ratio (HR)
with its 95% confidence interval (CI).2° Categorical
variables were compared using the Chi-square test.
All statistical tests were bilateral and a p-value of
<0.05 was considered as statistical significance.

Results

Study population and cohort

A total of 310 patients who received ICI treat-
ment at the Chinese PLA General Hospital
between January 2015 and March 2019 were
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included in the study. Detailed demographic and Table 1. Clinicopathological characteristics of patients with advanced non-

clinical data, including age, sex, histological type,
stage, smoking history, ICI treatment regimen,

Characteristics No. of patients Percentage

ECOG PS, prior lines of therapy, and the pres- N=310
ence of brain metastasis are summarized in -
Table 1. The median age of this cohort was Age, years, median (range) 61(33-91)
61years (range: 33-91). There were 237 males Hb, g/L, median (range) 119 (65-174)
(76.5%) and 73 females (23.5%) in the cohort. Sex
Among them, 197 cases (63.5%) were non-squa-
mous cell carcinoma and 244 cases (78.7%) were Male 237 765
stage IV according to the Eighth Edition TNM Female 73 23.5
Staging of International Lung Cancer Research e
Association.?? Approximately 90% of the patients
had ECOG PS of 0—1, and about 60% had smok- Non-squamous 197 63.5
ing history. Squamous 113 36.5

. . Stage
Approximately half of the cohort received ICI
monotherapy, while the rest were treated with 1B 41 13.2
ICIs in combination with either chemotherapy nec 25 8.1
or anti-angiogenic agent, defined as combina-
tion therapy (Table 1). In particular, a total of 19 24 L0
34 patients received the front-line ICI mono- Smoking history
therapy, and about half were tested for PD-L1 Never smoked 17 377
expression. There was no significant association
between PD-L1 levels and Hb count. Smoke 193 62.3
Furthermore, patients with different number of  ICl drugs
prior lines of therapy were largel'y eyenly repre- Pembrolizumab 139 448
sented (Table 1). The overall objective response
rate (ORR) was 19.7%, 30% for first-line, 17.4% Nivolumab 137 44.2
for second-line, and 11.9% for third-line and Atezolizumab 13 4.2
beyond, respectively. There was no significant
correlation between Hb count and ORR Durvalumab 21 68
(p=0.143). A total of 208 patients were found to Treatment type
have normal pretreatment Hb concentration Monotherapy 149 481
(=110g/L) according to the NCCN guideline,2* o
while the other 102 patients had decreased Hb Combination therapy
levels (<110g/L). None of the patients had any ICI plus chemotherapy 121 39.0
severe bleeding at the initiation of ICI treatment, ICI plus anti-angiogenic agent 40 12.9
except for a slight hemoptysis reported for a small

; 0 : ECOG PS
proportion (~6%) of patients who appeared to
have normal Hb levels. 0-1 278 89.7

= 32 10.3

Baseline covariates after propensity score Prior lines of therapy
matching 1line 100 32.3
We used a PS-matched cohort analysis to balance 2 lines 109 35.9
baseline covariates between normal Hb and ’
decreased Hb subgroups of patients. The baseline =3 lines 101 32.5
characteristics in the pre—matck.led and post- Brain metastasis
matched cohorts were presented in Table2; 165
patients in the normal Hb subset were matched Yes 53 171
with 90 patients in the decreased Hb subset. The No 257 82.9

matching process eliminated some significant dif-
ferences that existed between the normal- and
low-concentration subgroups in the pre-matched

small cell lung cancer.

ECOG PS, Eastern Cooperative Oncology Group Performance Status;
Hb, hemoglobin; ICI, immune checkpoint inhibitor; PSM, propensity score matching.
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Table 2. Association between baseline Hb levels and clinicopathological characteristics in non-small cell lung cancer patients
treated with immune checkpoint inhibitors.

Characteristics Before PSM After PSM
Hb<110g/L Hb=110g/L p-value Hb<110g/L Hb=110g/L p-value

No. of patients 102 208 90 165
Age, median (range) 61 (36-91) 61 (33-85) 0.60 61 (36-91) 61 (33-85) 0.37
Sex

Male (%) 78 (76.5) 159 (76.4) 1.00 69 (76.7) 124 (75.2) 0.63
Smoking history

Yes (%) 63 (61.8) 130 (62.5) 0.90 55 (61.1) 100 (60.6) 1.00
Histology

Squamous (%) 34 (33.3) 79 (38.0) 0.45 29 (32.2) 53 (32.1) 1.00
Brain metastasis

Yes (%) 21 (20.6) 32 (15.4) 0.26 19 (21.1) 23 (13.9] 0.19
Stage

IV (%) 83 (81.4) 161 (77.4) 0.46 76 (84.4) 142 (86.1) 0.87
ECOG PS

=2 (%) 17 (16.7) 15(7.2) 0.01 6(6.7) 7 (4.2) 0.59
Line (%) 0.01 0.20

1line 20 (19.6) 80 (38.4) 20 (22.2) 54 (32.7)

2 lines 45 (44.1) 64 (30.8) 38 (42.2) 58 (35.2)

= 3 lines 37(36.3) 64 (30.8) 32(35.6) 53 (32.1)
Treatment type

Combination (%) 46 (45.1) 115 (55.3) 0.1 40 (44.4) 90 (54.5) 0.16

ECOG PS, Eastern Cooperative Oncology Group Performance Status; Hb, hemoglobin; ICI, immune checkpoint inhibitor; PSM, propensity score

matching.

cohort, including ECOG PS and prior lines of
therapy received.

Univariate and multivariate analysis for

survival data

Patients who had normal pretreatment Hb levels
demonstrated significantly longer PFS than those
with decreased Hb levels [median: 10.0 wersus
4.0months, HR (95% CI): 0.63 (0.46—0.86);
p»=0.001, Figure 1(A)]. As shown in Table 3,
univariate analysis revealed that treatment type,
prior lines of therapy, brain metastasis, and

baseline Hb levels were all associated with PFS
(p<0.05), and multivariate analysis further dem-
onstrated that ICI combination therapy and nor-
mal baseline Hb levels were independent favorable
prognostic predictors for PFS (»p<0.05).

Patients who had a normal pretreatment Hb
count had remarkably better OS than those in
the low Hb subgroup [median: 17.6 wversus
10.5 months, HR (95% CI): 0.56 (0.40—-0.79);
$»<<0.001, Figure 1(B)). As shown in Table 4,
univariate and multivariate analysis showed that
ICI combination therapy, first line of therapy,
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Figure 1. Baseline Hb levels associated with (A) progression-free survival and (B) overall survival in patients treated with immune

checkpoint inhibitors.

Cl, confidence interval; Hb, hemoglobin; HR, hazard ratio; mOS, median overall survival; mPFS, median progression-free survival.

Table 3. Univariate and multivariate logistic regression analyses for progression-free survival in non-small cell lung cancer patients
treated with immune checkpoint inhibitors after propensity score matching.

Variable Category Univariate analysis Multivariate analysis
HR (95% Cl) p-value  HR(95% CI) p-value
Age, years =61 versus <61 0.78 (0.59-1.03) 0.09 0.81(0.60-1.08) 0.16
Sex Female versus male 1.33(0.97-1.83) 0.07 1.35(0.87-2.07) 0.17
Smoking history Yes versus no 0.92(0.69-1.22) 0.57 1.24(0.83-1.85) 0.28
Histology Squamous versus non-squamous 0.87 (0.64-1.17) 0.36 0.80 (0.58-1.10) 0.18
Stage IV versus Il 0.98 (0.66-1.47) 0.96 0.81(0.52-1.24) 0.34
ECOG PS =2 versus 0-1 1.12(0.61-2.03) 0.71 1.07 (0.56-2.05) 0.82
Treatment type Combination therapy versus 0.75(0.57-0.99) <0.05 0.73 (0.54-0.99) <0.05
monotherapy

Prior lines of therapy 1 line versus 2 lines versus =3 lines 1.24 (1.04-1.42) 0.01 1.16 (0.9-1.42) 0.13
Brain metastasis Yes versus no 1.70 (1.18-2.44) <0.01 1.40 (0.95-2.05) 0.08
Baseline Hb, g/L =110 versus <110 0.63 (0.47-0.83) <001 0.67 (0.50-0.91) 0.01

Cl, confidence interval; ECOG PS, Eastern Cooperative Oncology Group Performance Status; Hb, hemoglobin; HR, hazard ratio.

absence of brain metastasis, and normal base-
line Hb were significantly associated with better
OS (p<0.05).

More importantly, as shown in Figure 2(A), ICI
combination therapy was significantly associ-
ated with better PFS [median: 11.1 wversus

8.0months, HR (95% CI): 0.74 (0.50—1.06);
p»=0.09] and OS [median: 26.0 wversus
12.9 months, HR (95% CI): 0.56 (0.37—0.86);
p»=0.008] than monotherapy for patients with
normal pretreatment Hb levels, but there was
no such trend for those with decreased baseline
Hb levels [Figure 2(B)].
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Table 4. Univariate and multivariate logistic regression analyses for overall survival in non-small cell lung cancer patients treated
with immune checkpoint inhibitors after propensity score matching.

Variable Category Univariate analysis Multivariate analysis
HR (95% Cl) p-value  HR (95% Cl) p-value

Age, years =61 versus <61 0.86 (0.62-1.18) 0.37 0.82 (0.59-1.15) 0.26
Sex Female versus male 1.33 (0.98-1.98) 0.06 1.59 (0.97-2.60) 0.06
Smoking history Yes versus no 0.94 (0.68-1.30) 0.73 1.50 (0.95-2.37) 0.08
Histology Squamous versus non-squamous 0.84 (0.59-1.19) 0.34 0.76 (0.52-1.12) 0.17
Stage IV versus Il 1.17 (0.71-1.92) 0.53 0.83 (0.48-1.42) 0.51
ECOG PS =2 versus 0-1 1.25(0.67-2.31) 0.48 1.17 (0.60-2.26) 0.64
Treatment type Combination therapy versus monotherapy  0.64 (0.46-0.88) 0.01 0.64 (0.45-0.91) 0.01
Prior lines of therapy 1 line versus 2 lines versus =3 lines 1.38(1.12-1.69) <0.01 1.28 (1.01-1.63) 0.04
Brain metastasis Yes versus no 2.00 (1.35-2.95) <0.01 1.63 (1.08-2.47) 0.02
Baseline Hb, g/L =110 versus <110 0.56 (0.40-0.77) <0.01 0.59 (0.43-0.83) <0.01

Cl, confidence interval; ECOG PS, Eastern Cooperative Oncology Group Performance Status; Hb, hemoglobin; HR, hazard ratio.

Discussion

Most NSCLC patients receiving ICIs do not
derive benefit, although recent developments in
cancer immunotherapy, especially ICI immuno-
therapy, have exerted considerable therapeutic
effects on survival outcomes in diverse solid
tumor types including NSCLC. Given that the
prognostic and predictive power of PD-L1 expres-
sion and TMB in tracking response to ICI ther-
apy in advanced NSCLC is still not fully
understood, additional predictive biomarkers
with increased accuracy are urgently needed in
the clinic to assist in identifying patients who will
likely respond to ICI treatment.

Since anemia is the most frequent hematologic
abnormality in cancer patients and its incidence
increases with anti-cancer therapy,3! recent stud-
ies have demonstrated that reduced pretreatment
Hb levels were associated with shorter OS in lung
cancer patients who underwent chemotherapy,
radiotherapy, or nivolumab monotherapy,32-35
but its prognostic value in advanced NSCLC
patients treated with ICIs remains to be addressed.
Our data showed that baseline Hb level was a
prognostic marker for PFS and OS in late-stage
NSCLC patients with ICI immunotherapy.
Decreased pretreatment Hb level was signifi-
cantly correlated with shorter PFS and OS. The

effect of suboptimal Hb count on immunotherapy
could be multifactorial. Zhao ez al. previously
reported that anemia may cause the deficiency of
T cell response and induce immunosuppression
in patients with late-stage tumors.3® Furthermore,
hypoxia induced by Hb reduction has been shown
to stimulate tumor growth and progression and
decrease their sensitivity to anticancer treatments,
eventually contributing to poor patient out-
comes.3”39 However, it remained unclear whether
oxygen levels dropped in these patients; an exam-
ination of i vivo oXygen concentration or hypoxia
markers such as HIF-la would be valuable in
future research.

More importantly, we further found that immune-
combination therapy (ICI plus chemotherapy or
anti-angiogenic agent) was associated with better
PFS and OS in patients with normal pretreatment
Hb levels than ICIs alone, but this difference was
not seen in patients with decreased baseline Hb
levels. Kuo et al. also reported improved treat-
ment efficacy of combined ICI plus chemother-
apy over ICIs alone in metastatic NSCLC, and
the additional efficacy of chemotherapy varied
between histological subtypes and EGFRmuta-
tion status.*® The level of Hb could be another
factor to consider in that scenario. Overall,
immune-combination therapy would be more
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Figure 2. Treatment type associated with progression-free survival and overall survival in patients with (A) normal or (B) decreased

Hb levels.

Cl, confidence interval; Hb, hemoglobin; HR, hazard ratio; mOS, median overall survival; mPFS, median progression-free survival.

favorable for patients with normal baseline Hb
levels, but for those with pretreatment decreased
Hb levels, immune-monotherapy may be more
suitable.

There were several potential limitations of our
study. First, although we used the cutoff value of
110g/L for pretreatment Hb count solely accord-
ingly to the NCCN guideline, we do acknowledge
that the definition of normal Hb count may vary
subtly with factors including age and sex accord-
ing to the World Health Organization.4!-42 Second,

only patients receiving more than 6 weeks of ICI
treatment were included in this study, which
might introduce unknown selection bias. Third,
we did not explore the correlation between the
change of Hb count and ICI benefits during the
treatment. Fourth, though PS-matching method
was applied to eliminate the bias of the listed base-
line covariates between subgroups, other covari-
ates, including PD-L1 expression and TMB,
could also be potential confounders. In addition,
how Hb levels affect ICI efficacy in NSCLC
remains to be further explored, and the measure-
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ment of i vivo 0Xygen concentration may be war-
ranted in future studies.

Conclusion

Our study demonstrated that pretreatment Hb
levels served as a favorable prognostic factor for
ICI treatment in advanced NSCLC patients,
which represents an economical biomarker with
relatively easier measuring performance com-
pared with other available biomarkers, including
TMB and PD-L1 expression. Given the limita-
tions of the study, future investigations are needed
to validate the prognostic value of baseline Hb
levels in larger multi-center cohorts.
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