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Abstract
Background: The main therapy for rectal cancer patients is neoadjuvant therapy 
(NT) followed by surgery. Immune biomarkers are emerging as potential predic-
tors of the response to NT. We performed a meta-analysis to estimate their predic-
tive significance.
Methods: A systematic literature search of PubMed, Ovid MEDLINE and 
EMBASE databases was performed to identify eligible studies. Studies on pa-
tients with rectal cancer undergoing NT in which the predictive significance of at 
least one of the immunological markers of interest was assessed by immunohis-
tochemistry (IHC) in pretreatment biopsies were included.
Results: Seventeen studies reporting sufficient data met the inclusion criteria 
for meta-analysis. High levels of total CD3+, CD4+ and CD8+ tumor infiltrating 
lymphocytes (TILs), as well as stromal and intraepithelial CD8+ compartments, 
significantly predicted good pathological response to NT. Moreover, high levels of 
total (tumoral and immune cell expression) PD-L1 resulted associated to a good 
pathological response. On the contrary, high levels of intraepithelial CD4+ TILs 
were correlated with poor pathological response. FoxP3+ TILs, tumoral PD-L1 
and CTLA-4 were not correlated to the treatment response.
Conclusion: This meta-analysis indicated that high-density TILs might be pre-
dictive biomarkers of pathological response in patients that underwent NT for 
rectal cancer.
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1   |   INTRODUCTION

According to the guidelines of the National Comprehensive 
Cancer Network for Locally Advanced Rectal Cancer (RC), 
the current main treatment is neoadjuvant therapy (NT) 
followed by a total mesorectal excision.1 The benefits of 
NT include the reduction of tumor burden, the improve-
ment of operative procedures and the prevention of local 
tumor recurrence compared to postoperative chemoradio-
therapy treated patients.2 Pathological complete response 
(pCR) is defined as the absence of residual tumor cells in 
the resected specimen and lymph nodes at the time of sur-
gery.3 It is used as surrogate endpoint to evaluate response 
to NT in RC.4 Given that only approximately 10%–30% of 
patients achieve pCR5 and NT can cause specific treatment-
associated toxicities,6 identification of reliable predictive 
biomarkers of response to NT represent a current import-
ant clinical challenge for RC patients management.

As NT induces cell death forms with immunogenic 
potential, immune cell composition in the tumor micro-
environment might influence the response to NT. Indeed, 
cancer growth and progression are determined by the com-
position of the tumor microenvironment and the complex 
interactions between its components.7 In particular, the 
immune cell component of the tumor microenvironment 
has been shown to have both prognostic and predictive 
values.8,9 The major subsets of tumor infiltrating lympho-
cytes (TILs) include CD3+, CD8+, CD4+, and FOXP3+ 
cells. The interaction between CD4+ T cell and antigen 
within MHC class II promotes production of cytokines 
which stimulate CD8+ T cell activation and proliferation.10 
FoxP3+ T regulatory (Treg) cells in their turn can inhibit 
the activation and proliferation of CD4+ and CD8+ T 
cells, as well as cytokine production.11 A pro-inflammatory 
tumor microenvironment characterized by cytotoxic CD8+ 
T cells and T helper 1-oriented CD4+ T cells infiltration 
is usually associated with improved clinical outcomes; by 
contrast, the immunosuppressive functions of Treg and im-
mune checkpoint molecules such as Programmed Death-
Ligand 1 (PD-L1) appear to play a major role in promoting 
tumor immune escape.12 Indeed, the successful signaling 
of T-cells is determined by TCR binding to major histocom-
patibility complex (MHC) and to costimulatory binding of 
CD80/CD86 to APC (antigen presenting cell) with CD28 
molecules. Cytotoxic T lymphocyte antigen-4 (CTLA-4) is 
a competitive homolog of CD28 that prevents T-cell activa-
tion. Similarly, the interaction between PD-1 receptor and 
its ligand PD-L1 and PD-L2, that are expressed by both TILs 
and tumor cells such as CTLA-4, can reduce proliferation, 
and survival of T-cells.13,14

Interestingly, accumulating evidence suggests that the 
extent and composition of infiltrating immune cells in RC 
might influence the response to NT. Indeed, several studies 

assessed the density and location of the major subtypes of 
tumor-infiltrating lymphocytes (TIL) and immune check-
point molecules to investigate their potential role as pre-
dictive biomarkers of treatment response and prognosis in 
RC patients undergoing NT.15–21 The evaluation of these 
predictive biomarkers could have a significant impact on 
the regimen choice of the preoperative combined therapy 
and the selection of patients for post-operative treatments.

We thereby conducted a systematic review of studies 
assessing immune biomarkers by immunohistochemistry 
(IHC) in pretreatment biopsies of RC patients undergoing 
NT that used Tumor Regression Grade (TRG) as endpoint 
to evaluate the response to NT. In particular, we aimed to 
verify if TILs infiltration and immune checkpoint mole-
cules expression might predict the response to NT.

2   |   METHODS

2.1  |  Study protocol

This systematic review was registered in the International 
Prospective Register of Systematic Reviews (PROSPERO) 
with an identification number CRD42022314065 on 2 
March 2022.

2.2  |  Search strategy and screening

PubMed, Embase, and Ovid Medline databases were 
searched on the 21st of December 2021 with the following 
keywords: ((“rectal adenocarcinoma” OR “RC” OR “rec-
tal neoplasm” OR “rectal carcinoma” OR “rectal tumo*”) 
AND (CD8 OR CTL OR CD4 OR CD3 OR FoxP3 OR Treg* 
OR cytotoxic T cell* OR helper T cell* OR “regulatory T 
cell*” OR CD80 OR CTLA4 OR CTLA-4 OR PD1 OR PD-1 
OR PDL1 OR PD-L1 OR PDL2 OR PD-L2)). The search 
was restricted to original articles, English language and 
studies in humans. The search retrieved articles published 
from 1979 to 2021. Two authors (A.S. and Me.S.) made an 
inspection of the titles and abstracts of citations to identify 
relevant studies and obtain full texts. Two authors (A.S. 
and Me.S.) performed a review of all eligible manuscripts. 
Any contentious article was discussed with the other au-
thors and an agreement was reached regarding articles for 
inclusion and exclusion.

2.3  |  Inclusion and exclusion criteria

Studies were eligible for inclusion if they met the follow-
ing predefined criteria: (1) human studies on patients 
with RC undergoing NT followed by surgical resection; 
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(2) Assessment of at least one of the immunological mark-
ers of interest (CD8, CD4, CD3, FoxP3, CD80, CTLA-4, 
PD-1, PD-L1, PD-L2) by immunohistochemistry (IHC) in 
pre-treatment biopsies, (3) Evaluation of the pathological 
response in resected posttreatment surgical specimens by 
TRGs assigned to the high versus low level of biomarker. 
The exclusion criteria were as follows: (1) studies pub-
lished in case reports or letters or comments forms or with 
no full-text available; (2) Studies on patients who under-
went exclusively short course radiotherapy with or with-
out chemotherapy; (3) Studies providing only pCR/non 
pCR or no distinction between TRG grades, except if TRGs 
were categorized as good responders and poor responders.

2.4  |  Data extraction

The data were extracted into a spreadsheet. For each in-
cluded study, the following data were extracted: first author's 
name, year of publication, journal, research center, study 
design (type, size, and recruitment period), patient clinical 
characteristics (age, gender, cancer stage), type of NT, speci-
men used for assessment (whether a biopsy or both biopsy 
and resected tissue), counting method (manual vs. digital), 
examined markers, markers location (intraepithelial TIL de-
fined as lymphocytes in contact with tumor cells, stromal 
TIL defined as lymphocytes located in tumor stroma with-
out direct contact with tumor cells), defined cutoff value, 
the definition of high versus low level of the markers, an-
tibodies used (clones, manufacturers), time between end 
of radiotherapy and surgery, number of patients achieving 
pathologic complete response (pCR), TRG systems with de-
rived definitions of good and poor responders. Studies were 
excluded from the meta-analysis if corresponding authors of 
studies did not reply to email request for the missing data. 
The TRG data were extracted from studies that reported 
the definition of poor and good response according to the 
tumor regression grading. If the grades were presented in-
dividually, the good and poor responders were defined as 
presented in the Table S1. The meta-analysis was performed 
using the total number of patients having good versus poor 
response which had high levels of biomarker.

2.5  |  Quality assessment

To assess the quality of the selected studies, a form origi-
nally developed by McShane et al.22 and Hayes et al.23 
and further exploited by Mei et al.24 and Zhao et al.25 was 
adapted. Quality rating of 0–9 was based on reporting of 
inclusion and exclusion criteria, study design, patients 
and tumor characteristics, description of the method or 
assay used for marker assessment, description of the assay 

protocol, evaluation by more than one observer, study 
endpoints, TRG system specified, and quantitative evalu-
ation of markers.

2.6  |  Statistical analysis

All meta-analyses were performed using the Review 
Manager 5 software (RevMan 5, version 5.4.1). The meta-
analyses were conducted separately for each subgroup of 
markers of interest. The association of the level of markers 
and treatment response was analyzed with fixed-effects 
model with 95% confidence interval (CI) assessing odd 
ratio (OR) using Mantel–Haenszel method. Heterogeneity 
was quantified by Chi-squared (X2) test and inconsistency 
index (I2) statistics.

3   |   RESULTS

3.1  |  Search results

The literature search retrieved a total of 321 unique study 
entries across the three databases. After exclusion of du-
plicates (n = 97) and non-English language (n = 20), titles 
and abstracts were reviewed for 204 studies. After abstract 
review, 70 articles were identified for full manuscript 
review and 34 of these studies were excluded. The most 
common reasons for exclusion were the following: lack 
of TRG data (n = 10); no IHC performed for marker de-
tection (n = 11); IHC performed on posttreatment speci-
men (n = 12). Thirty-six articles were included in the final 
review, fulfilling all inclusion criteria, but 17 studies had 
insufficient data for meta-analysis and two represented 
single studies of a particular marker. Therefore, 17 studies 
were included in the final meta-analysis (Table 1). The de-
tailed process of study selection is presented in Figure 1. 
There were no eligible studies with data for CD80 and 
PD-L2 biomarkers. PD-1 and stromal PD-L1 data were 
found in single studies,26,27 thus they were excluded from 
meta-analysis.

3.2  |  Characteristics of selected studies

The 17 studies selected for meta-analysis were published 
between 2014 and 2021. They were carried out in Asia 
(n = 12), Australia (n = 2), Europe (n = 1), Middle East 
(n = 1) and USA (n = 2). There were 12 retrospective and 
six prospective cohort studies, set up as single (n = 16), 
and multicenter (n = 1) studies. The median study size 
was 105.5, with an interquartile range of 57. Thirty 
percent of studies included AJCC stage II, III cancers, 
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53% included stage I–III cancers, and 12% consisted of 
I–IV stage cancers, 5% of studies did not report the stage 
of cancer. All patients underwent NT, most of the patients 
were subjected to CRT. In all selected studies markers of 
interest were evaluated by IHC staining in pretreatment 
biopsies, with 65% of studies assessing more than one im-
mune marker of interest. Sixty-five percent performed 
immune marker IHC on whole sections, 35% on tissue 
microarrays. Automated cell counting was utilized in 
nine studies, while the remaining eight used manual as-
sessment methods. Thirteen studies assessed the marker 
levels quantitatively based on different cutoff values for 
dichotomizing markers into groups of high versus low lev-
els. Most studies used the median value, mean values or 
combined scores as cutoff. For the assessment of TRG, 10 
studies used Dworak's system, two used Mandard's, two 
used AJCC 7/UICC, two used CAP TRS, one used JCCC8. 
Only 11 studies reported the time between end of therapy 
and surgery. The detailed characteristics of the studies are 
summarized in Table S2. The studies had a median qual-
ity score of six out of nine (range: 5–7); the quality of each 
study is presented in Table S3.

3.3  |  TIL as predictors of response 
to therapy

3.3.1  |  CD3+ T lymphocyte subset

T lymphocytes are a basic component of the adaptive im-
mune response characterized by expression of the cluster 
of differentiation (CD) cell surface marker CD3. The re-
lationship between the presence of CD3+ T lymphocytes 
and response to NT was extracted from three studies.17,28,29 
The results of the meta-analysis demonstrated that high 
levels of CD3+ TILs in patients' biopsy specimens signifi-
cantly predict good pathologic response (OR 1.78, 95% CI 
1.08–2.95; participants = 267; I2 = 0%) (Figure 2).

3.3.2  |  CD4+ T lymphocyte subset

T helper (Th) cells subset is characterized by the 
expression of cell surface marker CD4. They are highly 
heterogeneous and dynamic, and they can enhance the 
tumor-killing capacity of cytotoxic cells. The relationship 

F I G U R E  1   Prisma flow diagram of 
the search strategy.
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between the presence of CD4+ Th lymphocytes and 
response to NT was extracted from four studies for total 
CD4+ TILs16,18,28,30 and two studies for both CD4+ 
intraepithelial TILs (iTILs) and stromal TILs (sTILs)15,19 
(Figure  3). The meta-analysis revealed a significant 
association between high levels of total CD4+ TILs of 
pretreatment biopsy specimens and good pathologic 
response (OR 2.26, 95% CI 1.30–3.94; participants = 239; 
I2 = 0%) (Figure 3A). On the contrary, high levels of CD4+ 
iTILs were associated with poor response (OR 0.35, 95% 
CI 0.15–0.84; participants = 275; I2 = 0%) (Figure 3B). We 
failed to find any significant evidence demonstrating the 
association between CD4+ sTILs of pretreatment biopsy 
specimens and treatment response (OR 1.36, 95% CI 0.85–
2.20; participants = 278; I2 = 0%) (Figure S1A).

3.3.3  |  CD8+ T lymphocyte subset

CD8+ T cells are cytotoxic lymphocytes with potential 
tumor cell-killing ability. The association between the 

presence of CD8+ cells and response to NT was extracted 
from eight studies for total CD8+ TILs,16–18,28–32 five 
studies for CD8+ iTILs15,19,33–35 and three studies for CD8+ 
sTILs15,19,32 (Figure 4). Patients that in pretreatment biopsy 
specimens had high levels of total CD8+ TILs (OR 2.25, 
95% CI 1.64–3.08; participants = 690; I2 = 58%, Figure  4A), 
CD8+ sTILs (OR 1.52, 95% CI 1.05–2.18; participants = 542; 
I2 = 62%, Figure 4B), as well as CD8+ iTILs (OR 3.43, 95% CI 
2.56–4.62; participants = 961; I2 = 65%, Figure 4C), showed a 
significant correlation with good treatment response.

3.3.4  |  FOXP3+ lymphocyte subset

FOXP3 is a transcription factor commonly expressed by 
Treg, which mediate immune tolerance. We identified 
four studies providing data on association between treat-
ment response and FOXP3 expression.16,18,29,30 No signifi-
cant correlation was found between treatment response 
and FOXP3 expression (OR 0.70, 95% CI 0.44–1.12; par-
ticipants = 307; I2 = 80%) (Figure S1B).

F I G U R E  2   Forest plot representing the correlation between high level of CD3+ TILs and response to NT.

F I G U R E  3   Forest plots representing the correlation between response to NT and high level of (A) total CD4+ TILs, (B) CD4+ 
intraepithelial TILs.
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3.4  |  Immune checkpoint molecules as 
predictors of response to therapy

3.4.1  |  PD-L1

PD-L1 is the primary ligand of Programmed Death-1 
(PD-1) and both tumor and immune cells can express 
it. Engagement of PD-L1 with its receptor on T cells 
delivers an inhibitory signal. Two studies demonstrat-
ing the relationship between response to therapy and 
unfractionated (immune and tumor cells) PD-L1 ex-
pression18,36 and three studies for fractionated tumoral 
PD-L1 expression in pretreatment biopsy specimens37–39 
were included in the meta-analysis. The results  
showed that high levels of unfractionated PD-L1  
are associated with a good response to NT (OR 2.21, 
95% CI 1.17–4.16; patients = 182; I2 = 79%) (Figure  5). 

However, no significant correlation was observed 
between tumoral PD-L1 and treatment response (OR 
1.27, 95% CI 0.80–2.02; participants = 336; I2 = 0%) 
(Figure S1C).

3.4.2  |  CTLA-4

Cytotoxic T-lymphocyte-associated protein 4 (CTLA-
4) is a protein receptor that functions as an immune 
checkpoint downregulating immune responses. The 
association between the presence of CTLA4+ cells and 
response to NT was extracted from two studies.18,30 No 
significant correlation was found between treatment re-
sponse and CTLA-4 expression in pretreatment biopsies 
(OR 1.00, 95% CI 0.53–1.90; participants = 171; I2 = 0%) 
(Figure S1D).

F I G U R E  4   Forest plots representing the correlation between response to NT and high level of (A) total CD8+ TILs, (B) CD8+ stromal 
TILs, (C) CD8+ intraepithelial TILs.
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3.5  |  Publication bias

Funnel plots were generated to observe the publication bias 
in the meta-analysis (Figure S2). No publication bias was 
observed in studies included in the analysis for the CD3+ 
TILs, CD4+ TILs and its intraepithelial compartment 
(I2 = 0%; p = 0.52; p = 0.82; p = 0.71, respectively). We 
found evidence of relatively high heterogeneity in studies 
included for the meta-analysis for unfractionated PD-
L1, CD8 TILs, as well as its stromal and intraepithelial 
compartments I2 = 79% (p = 0.03); I2 = 58% (p = 0.02); 
I2 = 62% (p = 0.07); I2 = 65% (p = 0.02), respectively.

4   |   DISCUSSION

In this systematic review and quantitative meta-analysis, 
we evaluated the predictive impact of TILs and immune 
checkpoint molecules in pretreatment biopsies of RC pa-
tients undergoing NT and surgery. We identified 17 stud-
ies published between November 2014 and October 2021 
(representing a total of 2100 RC patients undergoing NT 
and with available pretreatment samples) that assessed 
immune biomarkers by IHC and reported TRG. Our anal-
ysis showed that patients with high pretherapeutic CD3+, 
CD4+ or CD8+ TILs density as well as unfractionated PD-
L1 had an augmented likelihood of achieving a good path-
ological response after NT. In general, this is in line with 
the concept that the high density of a coordinated local 
inflammatory infiltrate is a favorable prognostic indicator, 
whereas lack of it results in a poor outcome.40

Anitei et al. demonstrated high infiltration of CD3+ 
and CD8+ TILs predominated in good responders sug-
gesting that these biomarkers could be used to predict the 
response to NT.20 Similarly, a recent study demonstrated 
the same pattern, adapted immunoscore of combined 
CD3+, and CD8+ TIL densities that was shown to be high 
in patients with good response.41 Consistent with these re-
sults, our meta-analysis of pooled data from three studies 
demonstrated that high level of CD3+ TILs density could 
serve as a predictive biomarker of good response to NT. 
Moreover, our findings are consistent with the previous 
meta-analysis demonstrating improved survival both for 

colorectal cancer patients25,42 and improved survival and 
better TRG in RC patients with high density CD8+ TILs.43

Interestingly, our analysis demonstrated that unlike 
the high density of total CD4+ TIL, that is associated with 
good response, the high intraepithelial compartment of 
CD4+ TILs is associated with poor response. This might 
be explained by the two opposing capacities of CD4+ T 
cells, pro- and anti- tumorigenic.44 Recently, a particular 
attention was given to a subset of CD4+ T cells that co-
express FoxP3, Tregs.45 In our meta-analysis, we eval-
uated four studies assessing total FoxP3 as a predictive 
marker of response to NT, however no significant cor-
relation was found. Hu et al.46 suggested the possibility 
of the distinct role of FoxP3+ Tregs, which depends on 
their site of infiltration, namely intraepithelial or stro-
mal locations in colorectal cancer. The stromal FoxP3+ 
Tregs may hinder inflammatory anti-microbial activity 
allowing progression of the tumor, while intraepithelial 
FoxP3+ Tregs may inhibit, possibly directly contact-
ing with tumor cells, antitumoral immune activity.46 
Therefore, further studies investigating the density 
and location of Treg should be conducted for a better 
assessment of it as a predictive biomarker. Moreover, 
we cannot exclude that CD4+ cells are not only lym-
phocytes but also cells of the myeloid lineage.47 Indeed, 
co-expression studies with multiplex IHC could better 
characterize the immune subpopulations involved in re-
sponse to NT.

Pooled analysis from two studies suggested the asso-
ciation between high expression of unfractionated PD-
L1 and good response to NT. However, multiple studies 
have shown controversial results44: PD-L1 appears to be 
induced by chemoradiotherapy, but how to interpret the 
levels of PD-L1 staining before and after treatment for 
prediction and prognostication is still unclear.45 To better 
understand the role of PD-L1 in the response to NT, more 
studies on pretreatment biopsies reporting results with 
distinct localization of tumoral and immune cell PD-L1 
expression are required.

Our meta-analysis presents some limitations. First, 
the majority of the included studies are retrospective 
in nature and with small cohorts, therefore the results 
for some markers are based on small sample sizes. For 

F I G U R E  5   Forest plots representing the correlation between response to NT and high level of unfractionated PD-L1.
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some markers, the limited number of studies available 
prevented a proper assessment of the risk of publication 
bias. Second, different cutoff values were used to cate-
gorize patients into high- or low-density groups of bio-
markers in the included studies, which may explain the 
high heterogeneity in several results of meta-analysis. 
Third, there is lack of information about the site of in-
filtration of TILs and the time interval between end of 
therapy and surgery in several studies, which might 
have a major effect on NT response. Moreover, some 
studies reported cell type variability regarding the bio-
marker expression. For instance, Teng et al. reported 
cell surface PD-L1 expression and CTLA-4 expression 
not only by tumor cells and TILs, but also histocytes.30 
Boustani et al. evaluated unfractionated PD-L1 expres-
sion in total tumor and stromal cells.36 The latter may 
include not only TILs, but also cells that have mesenchy-
mal origin.48 Finally, we pooled data from studies using 
diverse NT regimens, TRG systems and different meth-
ods for biomarkers assessment (digital or manual), with 
some studies not clarifying the number and experience 
of the pathologists performing the manual assessment 
and patient NT therapy assignment. This might lead to 
imprecisions of the results due to the minor differences 
between TRG systems and inter-individual variability in 
markers evaluation, as well as to impossibility of cor-
relating distinct NT regimens to the response noted with 
specific biomarkers.

On the other hand, some important advantages of 
our meta-analysis should also be addressed. It assessed 
distinctly different TILs subsets according to their loca-
tion (intraepithelial or stromal) and immune markers 
according to their cellular expression. This determines 
a more accurate outcome for the association of bio-
markers and treatment response. Moreover, to our 
knowledge, this is the first meta-analysis evaluating not 
only TILs fractions but also immune checkpoint mole-
cules as tissue-based predictive biomarkers of response 
to NT in RC patients.

In conclusion, our results show that high level of un-
fractionated CD8+ TILs together with its intraepithelial 
and stromal compartments, total CD4+ TILs and total 
CD3+ TILs may serve as predictive biomarkers of treat-
ment response in RC patients (Figure 6). Results on un-
fractionated PD-L1 expression are promising but based 
on limited data. These findings indicate that examining 
the tumoral immune infiltrate and the composition of 
TME prior to treatment with NT have the potential to 
further assist clinicians in the selection of patients that 
may benefit from this treatment and immune-enhancing 
regimens. Larger prospective validation cohorts are war-
ranted before these biomarkers can be used as a clinical 
decision marker.
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