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Tumor-infiltrating CD45RO+ 
Memory T Lymphocytes Predict 
Favorable Clinical Outcome in Solid 
Tumors
Guoming Hu1 & Shimin Wang2

The prognostic role of tumor-infiltrating CD45RO+ memory T lymphocytes (CD45RO+ T cells) in human 
solid tumors remains controversial. Herein, we conducted a meta-analysis including 25 published 
studies with 4720 patients identified from PubMed and EBSCO to assess the prognostic impact of 
tumor-infiltrating CD45RO+ T cells in human solid tumors. We found that CD45RO+ T cell infiltration was 
significantly associated with improved overall survival (OS) and disease-free survival (DFS) in all types of 
solid tumors. In stratified analyses, CD45RO+ T cell infiltration significantly improved 1-year, 3-year and 
5-year OS in colorectal, gastric and esophageal cancer, but only 5-year OS in hepatocellular carcinoma. 
And these cells were positively associated with 1-year, 3-year and 5-year DFS in hepatocellular, 
colorectal and esophageal cancer. In addition, high density of intratumoral CD45RO+ T cells inversely 
correlated with TNM stage of solid tumor. In conclusion, CD45RO+ memory T lymphocyte infiltration 
leads to a favorable clinical outcome in solid tumors, implicating that it is a valuable biomarker for 
prognostic prediction for human solid malignances.

Accumulating evidence has demonstrated that tumor microenvironment (TME) linked closely with the initia-
tion, promotion, and progression of cancer1. Tumor-infiltrating lymphocytes (TILs) are the major component of 
TME2. Previous studies have revealed that TILs were significantly positively associated with survival of solid tum-
ors3. However, it is important to distinguish among different types of T lymphocytes as they may play differential 
roles in the TME. CD45RO+ memory T lymphocytes (CD45RO+ T cells), as the important component of TILs, 
have been demonstrated to play specific and significant roles in a number of human cancers.

CD45 is known as the leukocyte common antigen, and functions as a tyrosine phosphatase in leukocyte sign-
aling. The expression of different CD45 isoforms is cell - type specific and depends on the state of activation and 
the stage of differentiation of cells. CD45RO is the most suitable single marker for human memory T cells, that 
can finely represent the activation status of T cells4. CD45RO+ T cells often increased in solid tumors. Recent 
studies have associated CD45RO+ T cells and cancer prognosis, but their results were controversial. Thus, an 
in-depth assessment is warranted. Moreover, the potential of these cells as an effective biomarker in prognostic 
prediction is necessary to be explored.

Here, we performed this meta-analysis to test overall survival (OS) and disease-free survival (DFS) as out-
comes in patients with solid tumor with known intratumoral CD45RO+ T cell density evaluated by immunohis-
tochemistry (IHC). The aim of this study was to quantitatively summarize the association between CD45RO+ T 
cell infiltration and clinical outcomes in cancer patients, and thereby provided more evidence on the clinical value 
of tumor-infiltrating CD45RO + T cells as a prognostic biomarker for solid malignances.

Materials and Methods
Search strategy.  We searched PubMed and EBSCO for studies assessing the density of CD45RO+ T cells in 
tumor tissue and survival in patients with solid tumor from 1996 to January 15th 2017. The searching keywords 
were (CD45RO [Title/Abstract]) AND (neoplasms [Title/Abstract] OR cancer [Title/Abstract] OR tumor [Title/
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Abstract] OR carcinoma [Title/Abstract]). A total of 724 and 1847 entries were identified in PubMed and EBSCO 
respectively.

Inclusion and exclusion criteria.  Inclusion criteria of the meta-analysis were: studies included must have 
(1) been published as original articles; (2) evaluated human subjects; (3) CD45RO+ T cells in tumor specimens 
were evaluated by IHC; (4) provided Kaplan – Meier curves of high and low CD45RO+ T cell density with overall 
survival (OS), and/or disease-free survival (DFS), or relapse-free survival (RFS); (5) published in English.

We excluded studies that were not published as full texts, including commentary, case report, conference 
abstracts and letters to editors, studies that not report sufficient data to estimate survival rates; studies that evalu-
ated CD45RO+ T cells with Flow Cytometry (FCM) or real-time reverse transcription polymerase chain reaction 
(RT-PCR), detected CD45RO+ T cells in metastases and not in tumor tissues.

Endpoints.  OS and DFS (or RFS) were the endpoints used in this meta-analysis. OS was recorded as the 
primary endpoint, and the second endpoint was DFS (or RFS). Cut-offs of CD45RO+ T cell density defined by 
individual studies classified cancer patients into high- and low- groups.

Data extraction.  Two authors (G.M.H. and S.M.W.) independently reviewed and extracted data using pre-
defined data abstraction form from each eligible study. Extracted information included first author’s name, pub-
lication year, country, number of patients, median age, gender, Tumor, Lymph Node, Metastasis (TNM) stage, 
tumor differentiation, time of follow-up, technique used to quantify CD45RO+ T cells, and cut-off value to deter-
mine high CD45RO+ T cell density. OS, DFS (or RFS) and clinicopathological data were extracted from the text, 
tables, or Kaplan – Meier curves for both high and low CD45RO+ T cell density groups.

Quality assessment.  The studies included in the meta-analysis were cohort studies. The quality of each 
included study was assessed using Newcastle–Ottawa Scale (NOS) by two independent authors5. The studies 
with 6 scores or more were classified as high quality studies. A consensus NOS score for each item was achieved.

Statistical Analysis.  Extracted data were combined into a meta-analysis using STATA 12.0 analysis soft-
ware (Stata Corporation, College Station, TX, USA). Statistical heterogeneity was assessed using the chi-squared 
based Q-test or the I2 method6. Data were combined according to the random-effect model in the presence of 
heterogeneity7, otherwise, the fixed-effect model was performed8). Sensitivity analysis was employed to assess 
the influence of each study on the pooled result. Begg’s funnel plot and Egger’s test9 were calculated to investigate 
potential publication bias. All P values were two-sided and less than 0.05 are considered statistically significant.

Figure 1.  Flow chart diagram of study selection.
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Result
Search results and description of studies.  Literature searches yield 2571 records and the results were 
shown in Fig. 1. 25 studies containing 4720 patients with solid tumor were identified for the assessment of 
tumor-infiltrating CD45RO+ T cells10–34. All the studies were evaluated by the Newcastle–Ottawa Scale (NOS), 
and were in accordance with the inclusion criteria and suitable for data consolidation. Characteristics of included 
studies for OS, DFS and clinicopathological features such as TNM stage, tumor differentiation et al. were shown 
in Table 1 and Table S1 respectively.

Meta-analyses.  Overall survival (OS).  The meta-analysis showed that CD45RO+ T cells infiltrating into 
tumor was significantly associated with better 1-year (OR = 1.74, 95% CI 1.30 to 2.33, P = 0.000) and 3-year OS 
(OR = 2.17, 95% CI 1.65 to 2.86, P = 0.000) in patients with solid tumor (Fig. 2A and B); Similar results were 
observed between CD45RO+ T cells and 5-year (OR = 2.03, 95% CI 1.51 to 2.72, P = 0.000) and 10-year OS 
(OR = 1.85, 95% CI 1.44 to 2.38, P = 0.000) (Fig. 2C and D).

In stratified analyses by cancer types, as shown in Fig. 3, pooled results showed that high density of CD45RO+ 
T cells significantly improved OS at 1-year (OR = 1.77, 95% CI 1.15 to 2.72, P = 0.009), 3-year (OR = 2.79, 95% 
CI 1.80 to 4.30, P = 0.000) 5-year (OR = 2.48, 95% CI 1.67 to 3.69, P = 0.000) and 10-year (OR = 1.66, 95% CI 
1.13 to 2.43, P = 0.010) in colorectal cancer (CRC) as well as 1-year (OR = 2.59, 95% CI 1.22 to 5.49, P = 0.013), 
3-year (OR = 2.35, 95% CI 1.38 to 4.04, P = 0.002) and 5-year OS (OR = 2.19, 95% CI 1.31 to 3.67, P = 0.003) in 
gastric cancer (GC); Similar results were observed between CD45RO+ T cells and 1-year (OR = 3.97, 95% CI 1.89 

Study Year Tumor type
No. of 
Patients

Male/
Female

median age 
(range) (year)

CD45RO+ T: 
High/Low

Tumor 
stage

median 
follow-up date 
(months) Survival

Quality 
Score 
(NOS)

Yajima, R. et 
al.10 2016 Breast cancer 98 0/98 NR 49/49 I–III 84 OS, DFS 6

Zhang, Z. et al.11 2015 Ovarian cancer 33 0/33 50.33 ± 10.84 31/2 I–IV 35 (1, 126) OS 6

Paulsen, E. E. 
et al.12 2015 Non-small cell lung cancer 504 343/161 ≤65: 45%; >65: 

55% 423/81 I–III 61 (0.3, 81.6) OS 7

Gao, Q. et al.13 2012 Hepatocellular carcinoma 206 186/20 ≤49: 50.5%; >49: 
49.5% 103/103 I–III 48.1 (3.4, 111.9) OS, DFS 8

Hotta, K. et al.14 2011 Renal cell carcinoma 105 76/29 <60: 34.3%; ≥60: 
65.7% 52/53 I–IV 15.9 (2, 52.5) OS 7

Wakatsuki, K. 
et al.15 2013 Gastric cancer 74 54/20 65 (36, 84) 37/37 I–IV NR OS, DFS 7

Lee, H. E. et al.16 2008 Gastric cancer 220 156/64 <66: 80.5%; ≥66: 
19.5% 65/155 I–IV NR OS 7

Li, Y. W. et al.17 2009 Hepatocellular carcinoma 302 260/42 ≤60: 76.8%; >60: 
23.2% 150/152 I–III 58 (2, 121) OS, DFS 7

Enomoto, K. 
et al.18 2012 Esophageal cancer 105 85/20 61·4 (42, 78) 54/51 I–IV NR OS, DFS 7

Chang, K. C. 
et al.19 2007 Diffuse Large B-Cell 

Lymphomas 48 27/21 ≤60: 39.6%; >60: 
60.4% 18 /30 I–IV NR OS 6

Anraku, M. et 
al.20 2008 Malignant pleural 

mesothelioma 32 28/4 59 (21, 74) 15/14 II–IV 35 (9, 63) OS 6

Rauser, S. et al.21 2010 Esophageal cancer 110 102/8 63.6 (33, 83) 93/17 I–IV 33 (0.8, 164) OS, DFS 7

Brunner, S. et 
al.22 2014 Colorectal cancer 121 NR 62 (53, 68) 63/58 IV NR OS 6

de Jong, R. A. 
et al23 2009 Endometrial cancer 298 0/298 65 (32, 89) 181 /117 I–IV 4.4 (0, 21.5) OS 6

Zhang, Y. et al.24 2016 Gallbladder carcinoma 98 51/47 63 (39, 88) 48/50 I–IV NR OS 7

Lee, W. S. et al.25 2010 Colorectal cancer 53 29/34 ≤60: 47.2%; >60: 
52.8% 25/28 II NR OS, DFS 7

Galon, J. et al.26 2006 Colorectal cancer 243 NR NR 121/122 I–IV 45.3 OS, DFS 7

Peng, R. Q. et 
al.27 2010 Colorectal cancer 72 40/32 <60: 45.8%; ≥60: 

54.2% 54/18 IIIB NR OS 6

Wang, L. et al.28 2015 Colorectal cancer 185 110/75 58 (22, 85) 91/94 I–III NR OS 7

Pages, F. et al.29 2005 Colorectal cancer 336 NR NR 160/176 Dukes’ 
A–D 44.5 OS, DFS 8

Koelzer, V. H. 
et al.30 2014 Colorectal cancer 130 80/50 NR 65/65 I–IV NR OS 7

Kim, Y. H. et 
al.31 2015 Colorectal cancer 218 133/85 <65: 54.6%; ≥65: 

45.4% 103/115 I–IV NR OS 7

Lee, W. S. et al32 2013 Colorectal cancer 94 NR NR 46/48 IV 39.1 (3, 75) OS 7

Nosho, K. et al.33 2010 Colorectal cancer 738 NR NR 356/382 I–IV 11.6 OS 7

Chen, Y. F. et 
al.34 2016 Colorectal cancer 300 158/142 <60: 48%; ≥60: 

52% 112/188 I–IV 62.9 ± 29.3 OS, DFS 8

Table 1.  Main characteristics of the included studies.
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to 8.34, P = 0.000), 3-year (OR = 3.08, 95% CI 1.62 to 5.86, P = 0.001) and 5-year OS (OR = 2.66, 95% CI 1.34 to 
5.29, P = 0.005) of esophageal carcinoma (EC) patients. However, in hepatocellular carcinoma (HCC), we found 
CD45RO+ T cell infiltration was significantly associated with improved 5-year (OR = 1.54, 95% CI 1.08 to 2.20, 
P = 0.016), but not with 1-year (OR = 1.59, 95% CI 0.92 to 2.76, P = 0.095) or 3-year OS (OR = 1.44, 95% CI 1.00 
to 2.08, P = 0.050). By the way, there was only one study reporting the relevant data for OS in breast, ovarian, cer-
vical, endometrial cancer and non-small cell lung cancer (NSCLC), gallbladder, renal cell carcinoma, diffuse large 
B-cell lymphomas, malignant pleural mesothelioma respectively, thus, we couldn’t get a combined result for them.

Figure 2.  Forest plots describing ORs of the association between CD45RO+ T cell infiltration and OS at 1-year, 
3-year, 5-year and 10-year.
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Disease-free survival (DFS).  Meta-analysis showed that CD45RO+ T cell infiltration was significantly associ-
ated with improved 1-year (OR = 2.23, 95% CI 1.69 to 2.94, P = 0.000), 3-year (OR = 2.25, 95% CI 1.80 to 2.82, 
P = 0.000) and 5-year DFS (OR = 2.14, 95% CI 1.63 to 2.79, P = 0.000), but not with 10-year (OR = 1.70, 95% CI 
0.92 to 3.15, P = 0.091) DFS in solid tumors (Fig. 4).

In stratified analyses by cancer types, as shown in Fig. 5, increased density of CD45RO+ T cells within tumor 
was significantly associated with better 1-year (OR = 3.14, 95% CI 2.00 to 4.93, P = 0.000), 3-year (OR = 2.56, 95% 
CI 1.79 to 3.65, P = 0.000) and 5-year DFS (OR = 1.99, 95% CI 1.31 to 3.03, P = 0.001), but not with 10-year DFS 
(OR = 2.04, 95% CI 0.86 to 4.84, P = 0.104) in colorectal cancer. CD45RO+ T cell infiltration also improved 1-year 

Figure 3.  Stratified analyses describing ORs of the association between CD45RO+ T cell infiltration and OS at 
1-year, 3-year, 5-year and 10-year.
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(OR = 1.59, 95% CI 1.05 to 2.39, P = 0.027), 3-year (OR = 1.76, 95% CI 1.23 to 2.50, P = 0.002) and 5-year DFS 
(OR = 1.69, 95% CI 1.07 to 2.66, P = 0.024) in HCC as well as 1-year (OR = 3.05, 95% CI 1.13 to 8.23, P = 0.028), 
3-year (OR = 2.92, 95% CI 1.53 to 5.57, P = 0.001) and 5-year DFS (OR = 3.66, 95% CI 1.77 to 7.58, P = 0.000) in 
esophageal carcinoma.

We next investigated whether CD45RO+ T cell infiltration was associated with clinicopathological features 
such as TNM stage, tumor differentiation, Lymphatic invasion and vascular invasion of solid tumor. We found 
that CD45RO+ T cell infiltration was significantly inversely correlated with TNM stage (OR = 1.59, 95% CI 1.03 
to 2.45, P = 0.038), but not with tumor differentiation (OR = 1.25, 95% CI 0.83 to 1.90, P = 0.285), lymphatic 

Figure 4.  Forest plots describing ORs of the association between CD45RO+ T cell infiltration and DFS at 
1-year, 3-year, 5-year and 10-year.
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invasion (OR = 1.27, 95% CI 0.74 to 2.19, P = 0.385), or vascular invasion (OR = 1.19, 95% CI 0.92 to 1.54, 
P = 0.191) of patients (Fig. 6).

Sensitivity analysis.  Sensitivity analyses were used to determine the influence of individual studies on the overall 
OR. As a result, the plot showed that all the individual studies had no important impact on the result for OS or 
DFS (data not shown).

Figure 5.  Stratified analyses describing ORs of the association between CD45RO+ T cell infiltration and DFS at 
1-year, 3-year, 5-year and 10-year.
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Publication bias.  Funnel plot and Egger’s test were performed to assess the publication bias of this meta-analysis. 
No significant publication bias existed between CD45RO+ T cell infiltration and OS or DFS in cancer patients 
(data not shown).

Discussion
As memory cells may prevent recurrence in cancer patients, CD45RO expression in TILs might predict immune 
response to recurrence after tumor resection. Although many studies have associated tumor-infiltrating 
CD45RO+ T cells and prognosis of solid tumors, their results were not consistent even controversial. In the 
present meta-analysis, we found that CD45RO+ T cell infiltration had a positive prognostic effect associated 
with survival in many types of solid tumors especially in CRC, HCC, GC and EC. In addition, increased density 
of CD45RO+ T cells was significantly inversely associated with TNM stage of solid tumor. We believe our study 
provides meaningful statistical evidence to report the important prognostic value of CD45RO+ T cell infiltration 
as a cancer fighter in patients with solid tumor for the first time.

However, the exact mechanisms underlying CD45RO+ T cell – mediated survival improvement still remain 
unclear. The possible explanations are as follows: it may partially relate to the features of CD45RO+ T cells, as 
they: (1) are the hallmark of adaptive immunity; (2) display a low-activation threshold; (3) vigorously proliferate 
despite minimal co-stimulation; and (4) persist over a life-time with stem cell-like multipotency and self-renewal 
characteristics35. More importantly, tumor-infiltrating CD45RO+ T cells which experienced tumor antigens are 
probably effector memory CD8+ T cells (CD8+ Tem), can secret amount of INF-γ and granzyme to induce potent 
anti-tumor immune responses. In situ immune reactions can reflect and influence systematic anti-tumor capabil-
ity. After the resection of primary tumor, central memory T cells (Tcm), as another subset of CD45RO+ memory 
T cells, increase and home to the secondary lymphatic organ and exhibit persistent anti-tumor effect via various 
mechanisms including INF-γ production. Thus, it is reasonable to speculate that the CD45RO+ T cells are able to 
respond to and eliminate residue tumor cells therefore improving survival.

Some limitations should be noted from this meta-analysis. First, significant heterogeneity observed 
across studies cannot be completely accounted despite the use of appropriate meta-analytic techniques with 
random-effect models. Second, there was only one study reporting the relevant data for OS in several cancers, 

Figure 6.  Forest plots indicating ORs of the association between CD45RO+ T cell infiltration and 
clinicopathological features.
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thus, we couldn’t get a combined result for them. Finally, studies with negative results or small sample size may 
not be published, which can cause potential publication bias.

In conclusion, CD45RO+ memory T lymphocyte infiltration is associated with favorable clinical outcome of 
patients with solid tumor, implicating that these cells might be a potential biomarker for prognostic prediction 
for human solid malignances.
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