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Background: To evaluate the prognostic value of pretreatment lymphocyte counts with respect to clinical outcomes

Methods: Systematic literature search of electronic databases (Pubmed, Embase and Web of Science) up to May 1,
2018 was carried out by two independent reviewers. We included Eligible studies assessed the prognostic impact
of pretreatment lymphocytes and had reported hazard ratios (HR) with 95% confidence intervals (Cls) for endpoints
including overall survival (OS) and progression-free survival (PFS). Only English publications were included.

Results: A total of 42 studies comprising 13,272 patients were included in this systematic review and meta-analysis.
Low pretreatment lymphocyte count was associated with poor OS (HR=1.27,95% Cl 1.16-1.39, P<0.001, 1> = 58.5%)
and PFS (HR=1.27,95% CI 1.15-1.40, P<0.001, 1> =25.7%). Subgroup analysis disaggregated by cancer type indicated
that low pretreatment lymphocytes were most closely associated with poor OS in colorectal cancer followed by

Conclusions: Low pretreatment lymphocyte count may represent an unfavorable prognostic factor for clinical out-
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Background

An increasing body of evidence suggests that immune
status, an essential biological marker, is a key factor in
carcinogenesis and cancer progression. Lymphocytes,
such as those in the peripheral blood and tumor-infil-
trating lymphocytes (TILs) constitute one of the most
important effector mechanisms of anti-tumor immu-
nity. Tumor cells are often surrounded by immune cells,
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especially lymphocytes. Tumor cells are distinguishable
from healthy cells by the presence of tumor antigens
which provide an immunological stimulus. Lympho-
cytes play an important role in anti-tumor immunity
by inducing apoptosis and by suppressing the prolifera-
tion and migration of tumor cells [1-3]. High numbers
of TILs were shown to be associated with inhibition of
tumor progression and favorable prognosis in patients
with hepatocellular carcinoma [4], colorectal cancers
[5], and ovarian cancers [6]. Results of a meta-analysis
suggest that TILs moderately influence the prognosis
in diverse types of cancer; in particular, high number of
intratumoral CD3+, CD4+ or CD8+ lymphocytes was
associated with a lower risk of death and progression [2].
Numerous clinical studies have revealed that peripheral
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blood lymphopenia prior to initial treatment is associated
with poor prognosis in various types of cancers, such
as advanced carcinomas and sarcomas, cervical cancer,
renal carcinoma, and bladder cancer [1, 7-9]. However,
the inconsistent effect of pretreatment blood lympho-
cyte counts in patients with some publications cannot
be ignored [10—15]. Moreover, the prognostic impact of
lymphopenia in non-hematologic tumors has not been
systematically analyzed. In order to reach a more reliable
conclusion, a systematic review and meta-analysis to syn-
thesize the evidence pertaining to pretreatment periph-
eral blood lymphocytes in patients with solid tumors is
indispensable.

Materials and methods

Data sources and search strategy

The Preferred Reporting Items for Systematic Review and
Meta-Analysis (PRISMA) were applied in the present
study [16]. We conducted a systematic literature search
in the PubMed, Web of Science, and Embase electronic
databases to identify relevant studies published as of May
1, 2018. Combinations of the following keywords were
used to retrieve articles: “lymphopenia’, “lymphocytosis’,
“lymphocytes’, “tumor’, “carcinoma’; “cancer” and “prog-
nosis” or “survival”

Study selection criteria

Studies that qualified the following criteria were included:
(1) original articles published in English language; (2)
studies that enrolled patients with pathologically con-
firmed solid tumors who had not received any treatment;
(2) lymphocyte counts were measured prior to the first
treatment (surgery and/or chemotherapy or radiother-
apy or palliative therapy); (3) pretreatment lymphocytes
were reported as a dichotomous variable; (4) assessed the
prognostic impact of pretreatment lymphocytes and had
reported hazard ratio (HR) with 95% confidence inter-
val (CI); at least provided Kaplan—Meier survival curves
from which HRs and 95% Cls could be calculated.

In case of duplicate publications based on the same
dataset, only the article with the largest sample size was
included. Letters, reviews, case-reports, expert opinions
and conference abstracts were excluded from the present
study.

Titles and abstracts of articles retrieved on initial
search were independently screened by two investiga-
tors (W.H. and Y.L.) to eliminate irrelevant articles. Full
texts of the remaining articles were reviewed against the
above criteria to identify eligible studies. In case of any
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disagreement between the two reviewers, the final deci-
sion was made by a third reviewer (J.Z.).

Data extraction and quality evaluation

Data pertaining to the following variables were inde-
pendently extracted by two authors (W.H. and Y.L.):
first author; publication year; region; study design;
cancer type; sample size; disease stage; cut-off value;
survival analysis; treatment details; and HR with corre-
sponding 95% CI for OS and/or PES. Survival outcomes
obtained on multivariate analysis were accorded prec-
edence over those obtained on univariate analysis.

Two investigators (W.H. and Y.L.) independently
assessed the quality of each study according to the
Newcastle—Ottawa Scale (NOS); any disagreement was
resolved by consensus [17]. Newcastle-Ottawa Scale
mainly includes selection, comparability, and evalu-
ation of outcomes. On a scale of 0 to 9, a study with
score of >6 was considered as a high-quality study.
However, quality assessment was not an exclusion cri-
terion for eligible studies.

Statistical analysis

We extracted the HRs and 95% Cls of the ratio for low
pretreatment lymphocytes over high pretreatment lym-
phocytes from each eligible study for OS and/or PES.
The endpoints of survival were OS and/or PFS mainly
because the two endpoints were frequently used in the
included studies. Meta-analysis was performed to eval-
uate the prognostic effect of pretreatment lymphocytes
in patients with solid tumors for each of the endpoints
(OS/PES). Extracted data were pooled using the Stata
12.0 (STATA Corporation, College Station, TX, USA).
Cochrane Q test and the I statistic were used to test
the heterogeneity among the studies included in the
pooled analysis. In the absence of significant heteroge-
neity (P>0.1 and I? <50%), the fixed effects model was
used for pooled analysis [18]; otherwise, the random-
effects model was used. Pooled HR > 1 was considered
indicative of worse survival outcome of patients with
low baseline lymphocytes. If the 95% CI did not over-
lap 1, the result was considered statistically significant.
Subgroup analyses were performed to investigate the
association of pretreatment lymphocyte counts with
variables such as region, cancer type, disease stage, cut-
off value, survival outcomes, and treatment scheme.
Moreover, sensitivity analyses were performed by
sequential elimination of one study at a time to explore
its potential impact on the heterogeneity. We further
used funnel plots and Egger’s test to examine the influ-
ence of publication bias on the pooled OS and PFS,
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respectively. All statistical tests were two-sided and
P<0.05 indicated statistical significance.

Results

Search and selection of studies

As illustrated in Fig. 1, a total of 2631 articles were
retrieved on initial database search. Of these, 2507 arti-
cles were removed as irrelevant and duplicate articles.
After full-text review, 75 were excluded due to lack of
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available information. Seven studies that reported lym-
phocytes count as a continuous variable were excluded.
Finally, a total of 42 studies with a combined study
population of 13,272 patients were considered eligi-
ble for inclusion [1, 7-15, 19-50]. The articles were
published in the period from 2005 to 2018. The most
common types of cancers in the included studies were
lung cancer (n=>5), followed by nasopharyngeal cancer
(n=4) and renal cancer (n=4). All the included studies
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Fig. 1 Schematic illustration of the meta-analysis
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had collected data retrospectively. Characteristics of
included articles are described in Table 1.

Relationship between pretreatment lymphocytes

and survival outcomes

Overall survival

A total of 41 studies involving 45 cohorts (13,148
patients) investigated the association between pre-
treatment lymphocytes and OS. The median cut-off
value of pretreatment lymphocytes in the included
cohorts was 1.3425 (range: 0.7-3.0). In 16 articles, the
HRs and 95% ClIs were obtained on univariate analy-
sis, while 25 articles had calculated HR on multivari-
ate analysis. Overall, low pretreatment lymphocyte
counts were associated with poor OS (HR=1.27, 95%
CI 1.16-1.39, P<0.001) (Fig. 2). There was moderate
heterogeneity among studies and thus a random-effects
model was used (I>=58.5%). Subgroup analysis strati-
fied by main clinical features (tumor type, cut-off value,
survival analysis, and treatment) was performed. On
subgroup analysis stratified by cancer type, low pre-
treatment lymphocytes were most closely associated
with poor OS in colorectal cancer (n=3, HR=1.96,
95% CI 1.36-2.83, P<0.001, I’=0), followed by breast
cancer (n=3, HR=1.82, 95% CI 1.43-2.31, P<0.001,
P=0), and renal cancer (n=4, HR=1.65, 95% CI
1.22-2.24, P=0.001, I’=24.3%) (Table 2). On sub-
group analysis stratified by pretreatment lymphocytes
cut-off value, the largest effect size was observed in the
cut-off value <1.0 subgroup (n=17, HR=1.46; 95%
CI 1.21-1.77, P<0.001, ’=67.6%); followed by the
1.0 “cut-off < 2.0 subgroup (n=23, HR=1.18; 95% CI
1.06-1.31, P=0.004, I’ =49.6%). Cut-off ~ 2.0 subgroup
was not associated with poor OS (n=5, HR=1.16; 95%
CI 0.96-1.39, P=0.121, ’=0). On subgroup analysis
stratified by disease stage, both non-metastatic (n=21,
HR=1.32, 95% CI 1.12-1.54, P*0.001, ’=58.0%) and
metastatic subgroups (n=10, HR=1.54, 95% CI 1.24—
1.92, P°0.001, ’=60.2%) were significantly associated
with unfavorable OS. However, for the mixed subgroup
(patients with both non-metastatic and metastatic dis-
ease), the pooled HR was 1.09 (n=11, HR=1.09, 95%
CI 0.98-1.20, P=0.107, =26.2%). No significant dif-
ferences in survival outcomes were observed on sub-
group analysis stratified by treatment or by type of
survival analysis (univariate analysis vs. multivariate
analysis). Further, sensitivity analysis showed that the
pooled HRs for OS were not significantly affected by
elimination of any individual study from the pooled
analysis. The funnel plot was roughly symmetrical and
Egger’s test showed no significant effect of publication
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bias on the results of the meta-analysis (P=0.188 for
0S).

Progression-free survival

A total of 14 studies comprising of 18 cohorts (5147
patients) were included in the analysis of HRs for PFS.
The median cut-off value for pretreatment lymphocytes
was 1.50 (range: 1-3). In 9 articles, the HRs and 95% Cls
were obtained by multivariable analysis; while 5 articles
had calculated HRs and 95% ClIs by univariate analysis.
Overall, low pretreatment lymphocyte counts were sig-
nificantly associated with worse PFS (Fig. 3). Owing to
the lack of significant heterogeneity (I°=25.7%), the
fixed-effects model was used for pooled analysis. On sub-
group analysis stratified by cancer type, low pretreatment
lymphocytes was most closely associated with poor PFS
in patients with breast cancer (n=2, HR=1.76, 95% CI
1.42-2.20, P < 0.001, =0) (Table 3). Likewise, the funnel
plot was roughly symmetrical and Egger’s test revealed
no significant influence of publication bias (P=0.267 for
PES).

Discussion

To the best of our knowledge, this is the first systematic
review and meta-analysis that comprehensively sum-
marizes the association between lymphocyte count
and cancer survival. Current meta-analysis included a
total of 42 studies with a combined study population
of 13,272 patients and provides evidence that low lym-
phocyte counts are associated with shorter OS and PFS
in patients with non-hematologic tumors. There was
moderate heterogeneity among studies in the analysis
of OS (?=58.5%) but not that of PES (?=25.7%). Sub-
sequently, on subgroup analysis by tumor location, the
highest effect size with respect to OS was observed in
patients with colorectal cancer followed by those with
breast cancer and renal cancer. Intriguingly, we found
a significant reduction in heterogeneity in subgroups
of patients with colorectal cancer (I>?=0), breast cancer
(P=0) and renal cancer (I?=24.3%) although moderate
heterogeneity was observed (I°=58.5%) in the pooled
analysis. Moreover, when stratified by disease stage in
the analysis of OS and PFS, low lymphocyte count was
an adverse prognostic factor in both non-metastatic and
metastatic subgroups. This suggests that lymphocytes are
involved in several stages of cancer development. More-
over, the negative prognostic effect on OS and PFS was
consistent in subgroups stratified by cut-off value and
type of survival analysis.

Patients with pretreatment lymphopenia have signifi-
cantly worse survival than those of patients with normal
lymphocyte counts in the context of several malignancies
[1, 7-9]. Lymphocytes are known to play a role in cellular
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Fig. 2 Forest plots for the association between pretreatment lymphocyte and overall survival
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Table 2 Subgroup analysis of the meta-analysis for OS
Subgroup No. of studies No. of patients Pooled HR 95% Cl P Heterogeneity test  Statistical
——  method
? P
Treatment
Resection [8, 12, 13, 20, 24-28,31-33,37, 17 5861 1.30 1.08-1.55 0.004 61.5% <0.001 Random
38,40, 42, 50]
Chemo[1,7,9-11,15,22, 23, 29, 30, 36, 18 5687 1.64 1.00-2.71 <0.001 60.0% <0.001 Random
39,41,43-47]
Analysis of survival
Multivariate [1, 7-9, 12, 14, 21, 24, 26, 29, 25 7612 131 1.16-147 <0001 63.6% <0.001 Random
30, 32, 33, 37-42, 44-49]
Univariate [10, 11, 13,15,19, 20, 22,23,25, 16 5536 1.20 1.02-1.40 0.023 466% 0.016 Random
27,28, 31,34, 36,43, 50]
Cut-off value
<1.01[1,7,10,13-15,20,30, 32,38,39,41, 17 4437 146 1.21-1.77 <0001 67.6% <0.001 Random
43,45, 46, 48, 49]
10t0<201[8,9,11,12,14,19,21-24, 26, 22 7646 1.18 1.06-1.31 0.004 49.6%  0.002 Random
27,29, 31,33, 34, 36,40, 42, 44,47, 50]
>20112,13,25,28,44] 5 4544 1.16 0.96-1.39 0.121 00% 0.760 Random
Disease site
Colorectal cancer [13, 27, 46] 3 1121 1.96 136-283 <0001 00% 0.737 Random
Breast cancer [1, 43, 45] 3 454 1.82 143-231 <0001 00% 0.509 Random
Renal cancer [8, 11,37, 41] 4 954 1.65 1.22-2.24 0.001 243% 0265 Random
Lung cancer [34, 36, 40, 42, 47] 5 1306 1.20 0.92-1.57 0.177 639%  0.011 Random
Pancreatic cancer [10, 32, 43] 3 558 1.56 0.88-2.15 0.129 735%  0.023 Random
Nasopharyngeal cancer [22, 29, 39, 44] 4 2303 1.23 1.03-1.46 0017 00% 0.701 Random
Gallbladder cancer [25, 33] 2 511 1.05 0.637-1.75 0828 77.7% 0.034 Random
Gastric cancer [28, 50] 2 1324 1.10 0.85-1.43 0442 299% 0.232 Random
Disease stage
Non metastatic [7-10, 12, 13, 15, 19, 20, 21 7437 132 1.12-154 <0001 580%  0.001 Random
24,28,29,31,32,34,37,38,40, 44, 46,
50]
Metastatic [1, 12, 26, 30, 39, 41, 43, 45, 10 2108 1.54 1.24-192 <0001 60.2%  0.004 Random
48, 49]
Mixed [11, 14, 21-23, 25, 27,33,36,42,47] 11 3603 1.09 0.98-1.20 0.107 262%  0.160 Random
Region
Asian [13-15, 19-25, 27-31, 33, 34, 39, 23 8422 1.10 0.99-1.21 0.08 486%  0.001 Random
40, 42,44, 47,50] (China, India, Korea,
Japan)
Non-Asian [1,7-12, 26, 32,36-38,41,43, 18 4726 1.27 1.16-139 <0001 320% 0.080 Random

45,46, 48, 49] (Denmark, America, UK,
France, Italy)

and humoral anti-tumor immune responses. Activated
and proliferating lymphocytes play a role in cytotoxic cell
death and inhibit tumor cell proliferation and migration.
Chew et al. observed lymphocyte recruitment and prolif-
eration in tumor areas devoid of tumor cell proliferation
and rich in tumor cell apoptosis [4]. Therefore, lympho-
penia may reflect poor host immunity against cancer and
a favorable microenvironment for tumor growth. The
underlying mechanism of pretreatment lymphopenia
in solid tumors has not been fully clarified and is prob-
ably multifactorial. It is widely believed that lymphopenia

may result from increased lymphocyte apoptosis and/
or altered lymphocyte homeostasis. Kim et al. demon-
strated that increased expression of Fas ligand (FasL) in
tumor cells mediated apoptosis of TILs as well as circu-
lating lymphocytes, which conferred immune privilege to
tumors [51]. Increased numbers of apoptotic peripheral
T lymphocytes have been detected in patients with gas-
tric cancer [52]. Over-production of immunosuppressive
cytokines such as transforming growth factor (TGEF-f)
and IL-10 by tumor cells specially during tumor growth
may suppress different effector pathways of the immune
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Fig. 3 Forest plots for the association between pretreatment lymphocyte and progression-free survival

response [53, 54]. Exposure to TGF-f reduced the
expressions of apoptotic activators (such as perforin and
granzyme A and B) on cytotoxic T cells that infiltrated
the tumor tissues. Additionally, tumor growth increases
the recruitment of CD4+ regulatory T cells that secrete
IL-10 and TGF-p and suppress effector CD8+ T cell
responses [55]. IL-10 exerts an inhibitory effect on major
histocompatibility complex (MHC) class I antigen pres-
entation. Dummer et al. observed excessive expression
of immunosuppressive factor IL-I0 in metastatic lesions
and in cultured cells from metastases; they inferred
that this cytokine plays a key role in tumor progression
[56]. Although numerous studies previously focused on
T-cell-mediated immunity, B cells play an equally promi-
nent role in modulating anti-tumor immune responses
and in carcinogenesis. B cells are classically known for
their role as producers of antibodies. Tumor-infiltrating
B cells have relation to improved survival in cervical

cancer and non-small cell lung cancer [57, 58]. Results
from these clinical observations suggest that the poten-
tial mechanisms underlying B-cell anti-tumor immunity
may involve tumor-infiltrating B cells could recruit and
retain T cells at the tumor site, thus facilitating and sus-
taining T-cell responses that inhibit tumor development.
Moreover, tumor-infiltrating B cells may function as anti-
gen-presenting cells to aid in anti-tumor immunity [57,
59]. Thus, it may be possible to generate more amplified
and prolonged immune responses at the tumor site by
promoting cooperative interactions of B cells and T cells.
Collectively, these findings suggest that lymphopenia
may be a result of cancer-induced immune suppression
that drives tumor progression.

Neutrophil-lymphocyte ratio (NLR) has been identi-
fied as an independent prognostic factor in many solid
tumors; a high NLR ratio was shown to be associated
with inferior outcomes [60—62]. Nevertheless, it includes
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Table 3 Subgroup analysis of the meta-analysis for PFS
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Subgroup No. of studies No. of patients Pooled HR 95%Cl P Heterogeneity Statistical
test method
P P
Analysis of survival
Multivariate 91[1,7,29,35,41,44-47] 2487 1.30 1.14-147 <0.001 37.1%  0.080 Fixed
Univariate 5[11,22,28,34,36] 2660 1.19 1.01-1.40 0036 00% 0441 Fixed
Cut-off value
<10 5[1,7,41,45, 46] 1187 1.55 1.32-182 <0001 00% 0617 Fixed
>1.0 91[11,22,28,29,34-36,44,47] 3960 .11 0.99-1.24 0053 00% 0643 Fixed
Disease site
Nasopharyngeal cancer 322,29, 44] 2074 131 1.12-1.53 0001 00% 0444  Fixed
Breast cancer 2[1,45] 482 1.76 142-220 <0001 00% 0820 Fixed
Renal cancer 2[11,41] 332 1.15 0.84-1.59 0.36 0.0% 0690 Fixed
Disease stage
Non metastatic 6[7,28,29,34,44,46] 2814 1.34 1.14-156 <0001 00% 0612 Fixed
Metastatic 3[1,41,45] 856 1.54 1.30-1.84 <0.001 152% 0316 Fixed
Mixed 511,22, 35, 36,47] 1477 1.10 097-1.24 0.138  00% 0528  Fixed
Region
Asian(China, Korea, Japan) 7122,28,29, 34, 35,44, 47] 3408 1.20 1.07-1.34 0.002 202%  0.257  Fixed
Non Asian(America, France, Italy) 7 (1,7, 11, 36,41, 45, 46] 1739 137 1.20-155 <0001 316% 0.176  Fixed

two potentially independent biological factors; high NLR
indicates an increase in neutrophil and/or decreased
total lymphocyte count. A meta-analysis of one hun-
dred studies (combined n=40,559) conducted by Tem-
pleton et al. revealed that high NLR is associated with
adverse OS, CSS, PFS, or DFS in many solid tumors [63].
The prognostic impact of NLR may be explained by the
association of high NLR with inflammation. However, at
the same time, the authors admitted that the confound-
ing effect of concurrent inflammatory conditions cannot
be completely excluded because high NLR has also been
shown to be of prognostic relevance in non-cancerous
conditions such as acute pancreatitis [64] and cardiac
events [65]. Joseph suggested that the prognostic value
of high neutrophil-lymphocyte ratio may actually be
driven by lymphocytopenia rather than neutrophilia
in patients with bladder cancer [9]. Similar results have
been reported elsewhere; lymphocyte count was shown
to exert a stronger impact on the neutrophil-to-lympho-
cyte ratio in clear cell renal carcinoma and pancreatic
cancer [8, 32]. Therefore, based on these observations, we
evaluated the prognostic value of pretreatment periph-
eral blood lymphocyte counts with respect to clinical
outcomes in patients with solid tumors.
Lymphocytopenia is not just a parameter related to
cancer survival but may also reflect a biological mecha-
nism that promotes tumor progression. Of note, adjunc-
tive treatment for reversal of lymphopenia or to increase
lymphocyte counts has also been proposed by some

authors. Restoration of lymphocyte homeostasis may
lead to activation of effector cytotoxic and helper T cells
and result in a more potent antitumor immune response.
IL-2 was used for treatment of patients with metastatic
melanoma. Recombinant human IL-7 (rhIL-7) was
shown to improve the immune function of patients with
lymphopenia by promoting peripheral T cell expansion
and suppressing the immunosuppressive network [66].

In view of the possible impact of different cut-off values
of pretreatment lymphocytes on prognosis, we observed
the largest effect size in the cut-off <1.0 subgroup; the
next was the 1.0<cut-off <2.0 subgroup. Nonetheless,
the cut-off>2.0 subgroup was not associated with poor
OS. Similar results were obtained on subgroup analysis of
PFS. Hence, a relatively lower pretreatment lymphocytes
cut-off value may have a better discriminative prognos-
tic value. However, optimal pretreatment lymphocytes
cutoff value for various types of cancers needs further
research.

Undoubtedly, our research has several limitations.
First, our meta-analysis was based on HR and 95% Cls
extracted from retrospective studies. Due to the inherent
limitations of retrospective studies including heterogene-
ity with respect to data selection and analysis, our pooled
data might be susceptible to biases and may be biased
towards positive results. Second, moderate heterogeneity
was observed in the analysis of OS and the sources of this
heterogeneity remain unclear; however, no significant
heterogeneity was observed in the analysis of PFS. This
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is likely attributable to inclusion of more than 40 cohorts
comprising of 13,000 patients with different tumors
and from various countries. As yet, we have not found
any meta-analysis that determined the prognostic value
of pretreatment lymphocytes in any malignancy. Our
goal was to gain a comprehensive understanding of the
prognostic value of lymphocytes in patients with solid
tumors. Therefore, the moderate heterogeneity observed
in the analysis of OS is reasonably expected. Third, in 16
out of the 42 studies, the HRs were calculated on univari-
ate analysis. Compared with data from multivariate anal-
ysis, HR and 95% CI calculated on univariate analysis is
more likely to lead to an overestimation of the prognostic
value. Therefore, we conducted subgroup analysis of uni-
variate analysis and multivariate analysis and the statis-
tical significance was stable; moreover, the multivariate
analysis subgroup even had a larger effect size.

Conclusion

Peripheral blood lymphocytes is a simple and routine
index in clinical work. To the best our knowledge, we
have not found any meta-analysis that determined the
prognostic value of pretreatment lymphocytes in any
malignancy. Our meta-analysis provides evidence that
pretreatment lymphocyte might be a potential biomarker
for survival in patients with solid tumors. However, the
present meta-analysis was based on observational stud-
ies; we could not demonstrate a cause-effect relation-
ship between pretreatment lymphocyte and survival in
patients with solid tumors. Further prospective large-
scale investigations are required to explore whether
reversing lymphopenia can be a new target for cancer
treatment and to increase the understanding of its role in
disease pathogenesis.
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