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Abstract: Purpose: Pathological evidence has continually supported the prognostic value of tumour-infiltrating T 
lymphocytes for several solid tumours across diverse patient cohorts. To investigate the clinical relevance of tu-
mour-infiltrating memory T lymphocytes, we investigated relevant publications to identify the significance of memory 
tumour-infiltrating T lymphocytes (TILs) in predicting survival in cancer patients and analysed the influence of varia-
tions in the tumour stage and the infiltrated location thereon. Methods: Relevant publications that assessed the 
clinical relevance of memory TILs to the patient’s overall survival (OS) were investigated. Disease-free survival (DFS) 
was also evaluated where possible. Hazard ratios (HR) and 95% confidence intervals (CI) were assessed using a 
random-effects model. Heterogeneity was investigated with stratified analysis and I2 statistics. Results: In total, 16 
relevant publications, including 4248 cancer patients, were analysed. In the pooled analysis, intra-tumour accumu-
lation of memory TILs correlated positively with favourable clinical outcomes for both OS (pooled HR, 2.06; 95% CI, 
1.76-2.40) and DFS (pooled HR, 2.31; 95% CI, 1.67-3.19). Various effects of the tumour stage and the anatomical 
region where the cells infiltrated were identified in survival prediction, using memory TILs. Conclusions: Overall, infil-
tration of memory TILs can serve as a biomarker for survival prediction in cancer. Additional heterogeneous effects 
of the associated factors should be considered when categorizing high-risk patients.
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Introduction

Malignant tumours constitute a major life-
threatening health problem worldwide. Alth- 
ough progress in anti-cancer therapy has mark-
edly improved survival and quality of life of can-
cer patients, the response to therapy and 
patient outcomes remain significantly variable. 
This variability is due to the intrinsic heteroge-
neity of both cancer and the affected individu-
als, in terms of properties such as grade, stage, 
pathohistological type, and sensitivity to che-
motherapy [1, 2]. Therefore, further investiga-
tion is needed to develop novel immunologic 
parameters for individualized intervention [3]. 
Recent studies have verified several immuno-
logical biomarkers for use in prognostic predic-
tion and have supported the predictive signifi-
cance of an effective anti-tumour response 
among cohorts [4]. These biomarkers include 
tumour-infiltrating T lymphocytes (TILs), a 
tumour-associated antigen (TAA)-reactive ex- 

panded T-cell population that secretes cyto-
kines characteristic of effector cells [5-7]. 

The immune context of tumours has been 
extensively investigated over the past decade, 
leading to the development of a variety of 
approaches that may lead to novel anticancer 
treatments. TILs, which comprise a variety of T 
lymphocyte subsets [8, 9], have recently gained 
attention for use as a prognostic marker in a 
number of human cancers [10, 11]. T cells 
expressing CD45RO, which is the most suitable 
single marker of human memory T cells, have 
been demonstrated to play specific and signifi-
cant roles in a number of human cancers such 
as colorectal cancer [12, 13], gastric cancer 
[14], oesophageal carcinoma [15, 16], and 
renal cell carcinoma [17]. Almost all cohort 
studies of tumours have reported that a favour-
able clinical outcome is correlated with the 
accumulation of memory TILs; however, hetero-
geneity in the quantification of infiltration and 
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the various strategies for sampling memory 
TILs has limited the application of this predictor 
as a benchmark. Several studies have defined 
the entire CD45RO+ infiltrating cell population 
as memory TILs, whereas others have only 
focused on cytotoxic or effector memory TILs. 
Furthermore, the cut-off value used to catego-
rize high-density and low-density memory TIL 
infiltration has not been consistent across 
studies. Questions remain as to whether these 
inconsistencies reflect variations in the study 
design or whether different clinical outcomes 
from diverse publications imply underlying 
immunological or environmental modifications 
of the anti-tumour immune response. It is also 
unclear whether associations between the 
quality of memory TILs and prognosis vary 
depending on survival-associated factors such 
as anatomical location and tumour stage.

In this study, we investigated the predictive 
value of memory TILs for overall survival (and 
disease-free survival where possible) across 
available publications with inconsistent obser-
vations. The secondary aim of the study was to 
establish whether there is an association 
between the characteristics of the tumour 
stage and memory TIL location with the vari-
ability in the results of previous studies.

Material and methods

Literature search strategy

Studies published prior to July 2014 were 
selected for further investigation. Relevant arti-
cles were included by two reviewers after trawl-
ing PubMed, EMBASE, and Cochrane databas-
es, using the keywords “memory T cells”, 
“cancer”, and “prognosis”. No language restric-
tion was considered. The reference lists of the 
included studies and relevant publications rec-
ommended by PubMed were also reviewed to 
identify additional relevant papers.

Criteria for inclusion and exclusion

The inclusion criteria of this study were the fol-
lowing: (1) diagnosis of patients by using clear 
pathological evidence; (2) identification of 
CD45RO+ T cells in surgically removed speci-
mens or tissue microarrays; (3) evaluation of 
CD45RO+ T cell infiltration density by using an 
immunohistochemical method; and (4) the 
availability of sufficient information for estima-

tion of the hazard ratio (HR) for high/low infil-
trating density. 

The following studies were excluded from this 
study: (1) letters, reviews, case reports, and 
editorials; (2) articles with insufficient data for 
hazard ratio calculation; (3) non-surgical treat-
ment studies; and (4) studies based on periph-
eral blood specimens.

Our decisions to include or exclude the articles 
were not influenced by the authors’ names or 
the impact factors of journals in which the arti-
cles were published.

Data extraction

Data on study cohorts, methodology, and 
results were extracted. The author information, 
journal, year of publication, type of cancer, 
markers used to identify memory TILs, and 
sampling location were noted for each study. 
Methods used to classify high-density and low-
density memory TIL infiltration were extracted. 
Survival plots for OS and DFS were obtained.

Measures

OS and DFS (where possible) were chosen as 
the index of this meta-analysis. Disease-
specific or recurrence-free survival was used as 
a substitute if OS/DFS was lacking because 
these two indices are similar to OS and DFS, 
respectively. The cut-off value used to define 
high- and low-density CD45RO+ TIL infiltration 
in this meta-analysis is shown in Table 1.

Statistical analysis

The effects of memory TIL infiltration were eval-
uated by hazard ratio (HR), which was defined 
as the risk of the poor prognosis ratio of low/
high density infiltration. In studies that calcu-
lated HRs by using the ratio of low/high density 
memory TIL infiltration, the reciprocal of the HR 
and 95% CI was used for our analysis. Analyses 
were performed using SPSS Version 19.0 
(SPSS, Chicago, IL, USA) and Review Manager 
Version 5.2.

Results

Study selection and characteristics

Sixteen eligible clinical trials that met the inclu-
sion criteria for survival analysis were selected 
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Table 1. Characteristics of 16 eligible clinical trials
No Author (s) Year Cancer Location Tissue Stage Definition High/Low
1 A Oberg 2002 Colorectal cancer Metastatic LN FFPE slide Duke’s stage C 5 cells/500* field of vision 36/54
2 Franck Pages 2005 Colorectal cancer Intra-tumour TMA All 250 cells/square mm 160/176
3 Jerome Galon 2006 Colorectal cancer CT/IM TMA All median 160/160
4 HE Lee 2008 Gastric cancer Intra-tumour TMA All Other 65/155
5 RA de Jong 2009 Endometrial cancer Intra-tumour FFPE slide All Present/Absent 181/117
6 Ninke Liffers 2009 Ovarian cancer primary/metastasis TMA All Other 123/109
7 Franck Pages 2009 Colorectal cancer CT/IM TMA Stage I, II Other 188/27
8 Paul Salama 2009 Colorectal cancer Intra-tumour/normal TMA Stage II, III Median
9 Sandra Rauser 2010 Oesophageal adenocarcinoma Intra-tumour TMA All 2.0 labelling index
10 Won-Suk Lee 2010 Colorectal cancer Intra-tumour FFPE slide Stage II median 25/29
11 Rui-Qing Peng 2010 Colon cancer Intra-tumour FFPE slide Stage IIIB 24 cells per high-power field 51/14
12 Rui-Qing Peng 2010 Colon cancer Intra-tumour FFPE slide Stage IIIB 26 cells per high-power field 51/17
13 K Hotta 2011 Renal cell carcinoma Intra-tumour FFPE slide All 49.8 cells/400* magnification 52/53
14 K Enomoto 2012 Oesophageal squamous cell carcinoma Intra-tumour FFPE slide All 113 cells/400* magnification 54/51
15 Qiang Gao 2012 Hepatocellular carcinoma Intra-/peri-tumour TMA All median
16 Kohei Wakatsuki 2013 Gastric cancer Intra-tumour FFPE slide Advanced 133 cells/400* magnification 37/37
CT: central tumor; IM: infiltrative margin; LN: lymph node; FFPE: formalin-fixed paraffin-embedded; TMA: tissue microarray.
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for further evaluation (Table 1) [12-27]. Figure 
1 provides a summary of the included studies. 
The primary assessment of the included publi-
cations demonstrated relatively high quality 
scores (median quality score: 0.82; range: 
0.69-0.91). All of the studies used immunohis-
tochemical methods for detecting memory 
TILs, and half of the studies (8/16) used tissue 
microarrays as a high-throughput method to 
evaluate memory TILs. The threshold used to 
define high and low infiltration densities is 
shown in Table 1.

Pooled analysis

We performed this investigation under the 
assumption of homogeneity, and stratified by 
the pathological stage of the tumour and the 
anatomical location in which the memory TILs 
were counted. All studies in this analysis used 
CD45RO as a memory phenotype marker for 
TILs, except for Galon et al., who defined 
CD3+CD45RO+ double-positive TILs as memory 
T cells. All of the studies reported that patients 
with a high density of memory TILs showed a 
prolonged survival time with respect to both OS 
(Figure 2) and DFS (Figure 3). The favourable 

Stratified analysis

In the case of CD45RO+ memory TILs for all 
cancer patients, we confirmed a significant 
association between a lack of memory T cell 
infiltration and an increased risk of clinical 
relapse. However, the prognostic value of this 
association may vary, based on the properties 
of the tumour and the host. Thus, we next eval-
uated the effects of the location of TIL infiltra-
tion and tumour stage on survival.

First, we examined the influence of the anatom-
ical region of memory T cell infiltration on the 
HR for OS. Five studies [12, 19-21, 26] that 
evaluated the clinical relevance of memory TILs 
in certain niches were included in this analysis. 
Five studies reported that high-density intra-
tumour memory TIL infiltration was a significant 
but less overt indicator of favourable outcomes 
(Figure 4; HR: 1.73; 95% CI: 1.37-2.17). 
However, in the remaining three studies, which 
reported the presence of extra-tumour memory 
T cell infiltration [19, 21, 26], almost no influ-
ence on patient prognosis was observed 
(Figure 4; HR: 1.02; 95% CI: 0.77-1.35). These 
findings demonstrate that CD45RO+ T cells may 

Figure 1. Flowchart of study identification and inclusion.

clinical outcome for OS was 
significant (Figure 2; HR: 
2.06; 95% CI: 1.76-2.40). 
Furthermore, the DFS analy-
sis, which was conducted 
using eight publications [12, 
13, 15, 16, 20, 23], revealed 
the same association bet-
ween high-density memory 
TIL infiltration and survival 
(HR > 1), and the HR for DFS 
was higher than that for OS 
(Figure 3; HR: 2.31; 95% CI: 
1.67-3.19). A moderate het-
erogeneity of OS estimation 
among the studies was 
noted (I2 = 50%). In contrast, 
for DFS estimation, we a 
highly heterogeneous distri-
bution of HRs was reported 
for the cohorts (HR range: 
1.42-6.16, I2 = 87%), sug-
gesting that the effects of 
memory TIL-mediated anti-
tumour immunity on the pre-
vention of recurrence are 
complex. 
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contribute to the anti-tumour immune response 
within the tumour microenvironment, but not 
within the surrounding area. Despite this dis-
tinct difference in the biological effect of mem-
ory TILs on patient outcome, we identified 
pooled evidence that supports the beneficial 
impact of a dense infiltration of memory TILs 
(Figure 4; HR: 1.49; 95% CI: 1.17-1.89).

The close association of cancer patient progno-
sis with the stage of tumour progression has 
been clearly established. This prompted us to 
investigate whether the tumour stage is a fac-
tor in the prognostic effects of memory TILs on 
OS. Thus, we investigated the prognostic sig-
nificance of memory TIL infiltration in cohorts 
with stage I+II and stage III+IV cancer patients. 
For this analysis, we employed six studies that 
reported sufficient information to estimate the 
HRs [14, 16, 20, 23-25], and separated them 
into two subgroups: stage I+II and stage III+IV. 
The clinical presentation and outcome of stage 
IIB oesophageal cell carcinoma are highly simi-
lar to those of the advanced stage; therefore, 

we classified stage IIB-IV oesophageal tumours 
into the stage III+IV subgroup. Using this strati-
fied analysis, the most significant pooled pro-
tection effect of memory TILs was observed for 
patients with stage I or stage II tumours (Figure 
5; HR: 3.31; 95% CI: 2.46-4.46). This indicated 
that anti-tumour immunity is effective in the 
restriction of tumour progression during the 
early stages. A much less marked (HR: 1.39; 
95% CI: 1.01-2.82) and heterogeneous (HR 
range: 0.97-5.12, I2 = 75%) level of protection 
was observed for patients with advanced-stage 
tumours (Figure 5). Despite this difference in 
HRs for cancer patients with different tumour 
stages, the overall effect of memory TIL infiltra-
tion was favourable for the clinical outcome 
(HR: 2.28; 95% CI: 1.47-3.53), consistent with 
our earlier findings for all patients (shown in 
Figure 2). 

Publication bias

In this systematic review, published studies 
may not truly represent all related studies 

Figure 2. Forest plot of hazard ratio of memory tumour-infiltrating T lymphocyte (TIL) density for overall survival. Haz-
ard ratios (HR) and 95% confidence intervals (CI) from each paper are shown as horizontal black bars with red dots. 
The pooled estimation is illustrated with a black diamond; the centre represents the pooled HR and the horizontal 
range indicates the 95% CI. The HRs are defined as the ratio of lower CD45RO density to higher CD45RO density, 
except for the 2006 Galon evaluation, which defined CD3+CD45RO+ cells as memory TILs. Therefore, a HR greater 
than unity represents a prolonged overall survival associated with a higher density of CD45RO+ TIL infiltration. CT, 
centre of tumour site; IM, invasive margin; CT/IM, both sites measured. OM, evaluated with tissue from omental 
metastasis; OV, tissue from primary lesion of ovarian cancer.
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undertaken. Bias may be introduced when non-
significant findings remain inaccessible, thus 
distorting the apparent magnitude of certain 
factors. In our study, OS and DFS following high- 
and low-density memory T cell infiltration in 
patients with several cancer types were calcu-
lated using the random-effect model. Using this 
analysis, we generated consistent results with 
high reliability. The funnel plots for survival and 

recurrence following high- and low-density 
memory T cell infiltration showed basic symme-
try, suggesting that no significant publication 
bias existed (Figure 6).

Discussion

Our systematic review indicated that memory T 
lymphocyte infiltration of a tumour site could 

Figure 3. Forest plot of hazard ratio of memory tumour-infiltrating T lymphocyte (TIL) density for disease-free sur-
vival. Hazard ratios and 95% confidence intervals (CI) for disease-free survival associated with low density versus 
high density of CD45RO memory TIL infiltration. CT, centre of tumour site; IM, invasive margin; CT/IM, both sites 
measured.

Figure 4. Forest plot of hazard ratios for studies on the location of memory TILs. Pooled hazard ratios and 95% 
confidence intervals (CI) for the association of memory T cells and overall survival. The density of memory T cells 
was evaluated for primary tumour sites or other sites as indicated. CT, centre of tumour site; IM, invasive margin; 
CT/IM, both sites measured; OM, evaluated with tissue from omental metastasis; OV, tissue from primary lesion of 
ovarian cancer; CRC, colorectal cancer.
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serve as a robust indicator for OS and DFS pre-
diction in patients with malignant tumours. This 
observation was reproducible across diverse 
cohorts, despite the significant heterogeneity 
among studies in terms of both patient charac-
teristics and categorization criteria. CD45RO, 
an isoform of the human leukocyte common 
antigen, was broadly accepted for specifically 
assaying the infiltration of memory TILs in the 
majority of the studies (15/16) included in this 
meta-analysis. CD45RO staining for identifica-
tion of memory T lymphocytes is a superior 
benchmark for the evaluation of T cell infiltra-
tion in cancer patient specimens than CD3 
staining alone, which has been used in previ-
ous reports [10]. Despite identifying no sub-
stantial difference in the pooled analysis for OS 
prediction (pooled HR: 2.06; 95% CI: 1.76-2.40) 
and DFS (pooled HR: 2.31; 95% CI: 1.67-3.19), 
CD45RO+ memory TIL infiltration showed a 
stronger although less consistent association 
with DFS than with OS. Furthermore, significant 
heterogeneity in the HRs was observed when 
the patients were separated based on different 
thresholds for defining high- and low-density 
infiltration. Since the infiltration of memory T 
lymphocytes represents a universal pathologi-
cal observation in tumours, a standard 
approach for measuring positivity of memory 

TILs would facilitate future clinical trials. We 
noted that the median memory TIL values used 
to determine a positive score were significantly 
heterogeneous across studies of distinct types 
of cancer. Therefore, we propose that cancer 
type-specific criteria should be established for 
defining memory TIL-positive tumours.

Even though numerous studies have confirmed 
the significant influence of memory TILs in a 
number of cancer types, the prognostic value 
of this biomarker is still not entirely accepted, 
hampering its application in the guidance of 
treatment and individual patient prognostica-
tion. This may be due to the heterogeneous 
nature of memory TILs within the definition of 
CD45RO-positivity and the inconsistence in the 
methodology used in such studies. The major 
purpose of our meta-analysis was to integrate 
the heterogeneous observations from currently 
available publications to support the further 
adoption of this predictive biomarker as a 
benchmark. Additionally, continuing accumula-
tion of knowledge on the overall impact of che-
motherapeutics on the immune context of the 
tumour microenvironment may further promote 
direct screening of the infiltration of memory T 
cells and evaluation of chemical compounds in 
future [28]. 

Figure 5. Forest plot of hazard ratios for studies on the staging of tumours. Pooled hazard ratios and 95% confi-
dence intervals (CI) for cancer patients in stage I+II and those in stage III+IV. GC, gastric cancer, IUAC stage; EA, 
oesophageal adenocarcinoma, UICC stage; CRC, colorectal cancer, IUAC stage.
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Clinical association of intra-tumour memory 
TILs with a favourable prognosis strongly 
implies that immune-mediated mechanisms 
may spontaneously function in at least some 
patients with cancer, and that these mecha-
nisms have a profound impact on the suppres-
sion of tumour growth and metastasis. Future 
studies should focus on elucidating the under-
lying immunomechanism by which subpopula-
tions of memory TILs contribute to tumour sup-
pression, reduced clinical relapse, and prolo- 
nged survival.

It is well-known that the interplay between 
emergent tumour cells and the immune context 
plays a critical role throughout the various stag-
es of tumourigenesis [29]. Surprisingly, our 
analysis revealed that the prognostic signifi-
cance of memory TILs varied markedly with dis-
tinct tumour stages. In comparison to tumours 
in the advanced stage, the protective effects of 
memory T cell infiltration was significantly 
reduced at the early stage in many types of 
cancers (Figure 5), suggesting a preferential 
functional effect on early tumourigenesis. 

Since most studies on memory TILs have been 
based on surgical-debulking specimens, our 
findings suggest that infiltrating memory T lym-
phocytes may play a crucial role in avoiding 
tumour recurrence in post-surgery patients. 

In terms of the effect of the location of TIL infil-
tration, greater advantageous effects were 
observed among diverse cohorts showing intra-
tumour memory T cells than among those 
showing infiltration of extra-tumour sites. It has 
been shown that the gastrointestinal tract 
mucosa is a well-studied niche that harbours 
viral antigen-specific resident memory T cells 
[30-32]. When forced into circulation, the T 
cells isolated from the mucosa niche were 
severely impaired in terms of survival and pro-
liferation during antigen re-challenge [33, 34]. 
Thus, our result suggests that the intra-tumour 
microenvironment might be a favourable niche 
for maintaining the surveillance function of 
memory TILs to against clinical recurrence. In 
conclusion, a prolonged survival time was con-
sistently identified among cohort with dense 
infiltration of memory T cells within the tumour 

Figure 6. Funnel plot of hazard ratios and standard errors (SE) for the individual studies. No significant publication 
bias was observed.
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site, regardless of the progress stage of the 
tumour. Besides, further study is needed to 
identify the impact of other confounding factors 
such as genetic, behavioural, or environmental 
modifications to memory TILs in prognostic 
prediction.

The study had some limitations. Firstly, only 16 
eligible publications were selected for this 
investigation and all the publications were ret-
rospective studies. Although our results were 
drawn from studies measuring different lym-
phocyte populations (CD3+CD45RO+ and 
CD45RO+) and different grouping strategies 
impeded the direct comparison across studies, 
our findings still support the observation that 
memory TIL infiltration is a favourable indicator 
in survival prediction. Secondly, due to lack of 
information, some confounding factors such as 
the infiltration of effector-like memory T cells or 
FoxP3+ regulatory T cells could not be taken 
into consideration in this study. These lympho-
cytes may contribute to additional cytotoxic 
effects or may regulate the anti-tumour immune 
response, thereby influencing the predictive 
value of memory TILs. Finally, most of the publi-
cations included in our analysis did not provide 
sufficient information to investigate the treat-
ment response to adjuvant therapy. Further 
randomized controlled trials will be required to 
confirm the prognostic significance of memory 
TIL status in the efficacy of this treatment 
strategy.

In summary, we have demonstrated that the 
finding of intra-tumour infiltration by CD45RO+ 
memory T cells is a robust immunological indi-
cator of a favourable survival time in cancer 
patients, and that CD45RO is more sensitive 
than CD3 for categorizing patients, based on 
clinical outcomes. In our study, the predictive 
significance of memory TILs was reproducible 
among cohorts with diverse tumour types, 
regardless of the detailed characteristics of the 
patients. The variability that we observed 
based on the location of TIL infiltration sug-
gests that some environmental factors may 
modulate the anti-tumour immune response. 
Additionally, we identified a poor-protective 
effect of memory TILs in advanced stage 
patients, implying that an immunosurveillance 
mechanism may contribute to preventing clini-
cal recurrence. Taken together, quantification 
of memory T lymphocytes in a tumour site could 
provide feasible criteria for patient selection in 
clinical trials aimed at evaluating the efficacy of 

immunotherapy. Enhancement of the quantity 
and quality of memory TILs in situ may provide 
a novel strategy to improve the prognosis of 
cancer patients.
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