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Simple Summary: Tumor infiltrating lymphocytes (TILs) have been demonstrated as prognostic
biomarkers in multiple cancer types. Among the various TIL phenotypic sub-populations, T-cells are
most abundant. Several studies have investigated the prognostic value of CD4+ and CD8+ T-cell TILs
in head and neck squamous cell carcinoma (HNSCC). In this study we performed a systematic review
and meta-analysis of available evidence for CD4+ and CD8+ TIL biomarkers in HNSCC. The primary
aim was to investigate the correlation of TIL sub-population levels and overall survival in HNSCC
anatomical sub-sites. We demonstrate for the first time that tumor location has a significant impact
upon the prognostic utility of CD4+ and CD8+ TILs in HNSCC. Such data is of critical importance
when incorporating TIL biomarkers into current prognostic models and clinical practice.

Abstract: Objective: It has been suggested that the presence of tumor-infiltrating lymphocytes
(TILs) in the tumor microenvironment is associated with a better prognosis in different types of
cancer. In this systematic review and meta-analysis, we investigated the prognostic role of CD4+
and CD8+ TILs in head and neck squamous cell carcinoma (HNSCC). Methods: PubMed, Cochrane,
Embase, Scopus, and Web of Science were searched up to September 2020. This study was conducted
following the preferred reporting items for systematic reviews and meta-analyses (PRISMA) checklist.
Risk ratios from individual studies were displayed in forest plots and the pooled hazard ratios (HR)
of death and corresponding confidence intervals (CI) were calculated according to random-effects
models. Risk of bias of the included studies was assessed through the Newcastle–Ottawa scale.
Results: 28 studies met the inclusion criteria. Studies conducted on HNSCC subsites combined
reported a significant reduction in the risk of death for both high CD4+ (HR: 0.77; 95% CI: 0.65–0.93)
and high CD8+ TILs (HR: 0.64; 95% CI: 0.47–0.88). High CD4+ TILs were associated with significantly
better overall survival among oropharyngeal HNSCC (HR: 0.52; 95% CI: 0.31–0.89), as well as
high CD8+ TILS in Human papillomavirus −ve and +ve cancers (HR: 0.39; 95% CI: 0.16–0.93
and HR: 0.40; 95% CI 0.21–0.76 respectively). CD8+ TILs were also associated with improved
survival in hypopharyngeal cancers (HR = 0.43 CI: 0.30–0.63). No significant association emerged for

Cancers 2021, 13, 781. https://doi.org/10.3390/cancers13040781 https://www.mdpi.com/journal/cancers

https://www.mdpi.com/journal/cancers
https://www.mdpi.com
https://orcid.org/0000-0003-1298-1654
https://orcid.org/0000-0001-9381-1520
https://orcid.org/0000-0003-1008-7333
https://orcid.org/0000-0003-0135-0224
https://orcid.org/0000-0001-7214-030X
https://orcid.org/0000-0002-5999-7883
https://orcid.org/0000-0002-4635-7959
https://doi.org/10.3390/cancers13040781
https://doi.org/10.3390/cancers13040781
https://creativecommons.org/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://doi.org/10.3390/cancers13040781
https://www.mdpi.com/journal/cancers
https://www.mdpi.com/2072-6694/13/4/781?type=check_update&version=3


Cancers 2021, 13, 781 2 of 14

patients with cancer of the oral cavity or larynx. Conclusions: The findings from this meta-analysis
demonstrate the prognostic significance of CD8+ and CD4+ TILs in HNSCC and variation in tumor
subsite warrants further focused investigation. We highlight how TILs may serve as predictive
biomarkers to risk stratify patients into treatment groups, with applications in immune-checkpoint
inhibitors notable areas for further research.

Keywords: head and neck cancer; tumor-infiltrating lymphocyte; prognosis; TIL; cancer

1. Introduction

The survival rate for head and neck squamous cell carcinoma (HNSCC) is poor
and depends on the subsite: in Europe, 5-year survival rates were 45% for oral cavity,
39% for the oropharynx, 25% for the hypopharynx, 59% for the larynx [1]. Considering
the poor survival rates, improved risk stratification is needed to identify patients at higher
risk of recurrence and to tailor treatment in these patients. Cancer biomarkers, either
tissue or liquid biopsy-based, are promising tools for detection, assessment of prognosis,
and prediction of response to therapy.

HNSCC is associated with pronounced immunosuppressive tumor activity. In ad-
dition, immunodeficiency has also been shown to correlate with a poor prognosis [2].
Immunosuppression creates a favorable environment for HNSCC cells to avoid tumor
eradication through immunosurveillance [3,4]. The tumor immune microenvironment
(TIM) is the immune infiltrate that emerges during tumor growth and several reports have
shown it has a major role in cancer progression [5]. The TIM includes various tumor-
infiltrating lymphocytes (TILs), which influence cancer invasion and metastasis. TILs have
been indicated as a promising prognostic marker in multiple cancer types, demonstrating
comparable or even greater prognostic value than conventional TNM staging [6]. Moreover,
TILs are considered to be a potential predictive biomarker of targeted and immunother-
apy treatment. Current guidelines recommend the scoring of TILs on histopathological
specimens (both intra-tumoral and stromal TILs) on a percentage scale [7] and in turn
tumors are graded as with low, moderate, or high TILs. However, difficulty arises when
defining clinically relevant cut-off values for ‘high’ TILs tumors, particularly in HNSCC
where tumor subsite and Human papillomavirus (HPV) status has been shown to have a
significant impact [8]. For example, across all HNSCC a TIL score of 70% has been shown
as prognostically significant [9]. However, studies of tumor subsites such as the oral cavity
or oropharynx report significance with TIL scores as low as 20% [8,10].

It has been recently reported that the phenotypic composition of the lymphocytic
infiltrate may hold additional value and insight when using TILs as cancer biomarkers.
In solid tumors, T lymphocytes are observed to be the principal component of the TIL
compartment [11], of which CD4+ T helper cells and CD8+ cytotoxic T cells play pivotal
roles. Research demonstrates that CD4+ T cells, CD8+ T cells, natural killer (NK) cells,
M1 phenotype macrophages and dendritic cells (DCs) all have anti-tumoral effects. A coor-
dinated and balanced interaction of these subsets is required to guard the host against a
developing tumor [12]. In particular, CD8+ infiltration has been reported to be associated
with a favorable prognosis in several malignancies [13]. Recent studies have characterized
immune infiltrates in the tumor microenvironment of HNSCC and broadly agree that high
levels of tumor immune cell infiltrates correlate with an improved prognosis. However,
HNSCC demonstrates significant TIL heterogeneity, further compounded by subsite varia-
tion [14]. Direct correlations to survival outcomes have varied with reports disagreeing as
to the clinical importance of CD4+ compared to CD8+ T cells [15,16].

Considering the need for robust biomarkers in HNSCC and the contrasting evidence
concerning TILs in this cancer group, the aim of this paper was to systematically review
and perform a meta-analysis of recent evidence concerning the prognostic significance
of CD4+ and CD8+ TIL populations in HNSCC. Unlike previous reports, our aim was to
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provide particular focus on how tumor subsite and HPV status impacts the utility of a
CD4+ CD8+ TIL biomarker in HNSCC.

2. Methods
2.1. Outcome Measures

The primary outcome of this meta-analysis is defined as the prognostic role of CD4+
and CD8+ cell TIL populations in overall survival (OS, defined as the time from diagnosis
or initiation of treatment to patient death, irrespective of cause) in HNSCC patients. A sec-
ondary outcome is the impact of tumor subsite (oral cavity, oropharynx, hypopharynx,
larynx) and HPV status (as detected by p16 immunohistochemistry, HPV-DNA in situ hy-
bridization or PCR) on the above clinical outcome variable. After an initial scoping review
of potential studies, we decided we were unable to include additional disease-specific sur-
vival outcome measures, such as disease-free or progression-free survival, due to significant
heterogeneity and underreporting of these outcomes in studies.

2.2. Search Strategy

This systematic review and meta-analysis were conducted following the preferred
reporting items for systematic reviews and meta-analyses (PRISMA) checklist [17]. Medline
(via Ovid), Cochrane, Embase (via Ovid), Web of Science (Core Collection) and Scopus
were searched from inception through to September 2020. The following keyword search
was conducted:

“Head and Neck Neoplasms” OR “Facial Neoplasm” OR “Mouth Neoplasm” OR
“Otorhinolaryngologic Neoplasm” OR “Tracheal Neoplasm” OR “head and neck neoplasm”
OR “Carcinoma” OR “Squamous Cell” OR “oral cavity neoplasm” OR “Oropharyngeal
Neoplasms” OR “Hypopharyngeal Neoplasms” OR “Laryngeal Neoplasms” OR ”squa-
mous cell carcinoma” AND “lymphocytes” OR “tumor-infiltrating” OR “tumor-infiltrating
lymphocytes” OR “lymphocyte, tumor-infiltrating” OR “tumor-infiltrating lymphocytes”
OR “tumor-infiltrating lymphocyte” OR “tumor-derived activated cells” OR “activated
cell, tumor-derived” OR “activated cells, tumor-derived” OR “tumor-derived activated
cells” OR “tumor-derived activated cell” AND “prognosis” OR “risk” OR “recurrence” OR
“mortality” OR “survival” OR “predict” OR “outcome” OR “significant” OR “impact” OR
“detect” OR “relevant”.

The reference lists of articles included in this review as well as narrative reviews
published in the last 10 years were also manually searched to minimize the risk of missing
data. Two authors (DB and MiT) independently screened all titles and abstracts generated
by the search and then evaluated the full texts of all the relevant articles identified against
the inclusion criteria (Figure 1); a third author (MaT) settled discordances when present.
Any disagreement between the assessors on the suitability of articles for inclusion tackled by
thorough discussion between assessors, or failing this, by referral to the senior author (PBR).

2.3. Selection Criteria

Studies were included in the analysis if they met the following criteria: (1) the study re-
ports the prognostic role of TILs in squamous cell carcinoma of the head and neck region or,
specifically, in the oral cavity/oropharynx/larynx/hypopharynx treated with surgery
and/or chemoradiation therapy with curative intent; (2) the study uses immunohistochem-
istry (IHC) to categorize specific subsets of TILs in tumor surgical specimens; (3) the study
reports the association of TIL infiltration and patient survival with sufficient survival data
to extract hazard ratios (HRs) and 95% confidence intervals CI; (4) the analyzed tissue had
not been previously exposed to radiotherapy and/or chemotherapy (5) the study reports
specific data for CD8+ TILs in HPV+ and HPV− oropharyngeal SCC. Non-English studies
were excluded. Studies containing aggregated data or duplicated data from previously
published work were excluded, as were review articles, case reports, editorials, and letters.
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Figure 1. PRISMA Flow chart of study inclusion process.

2.4. Data Extraction and Statistical Analysis

The standard error of the log HR was derived from the log CIs. The pooled HR and
corresponding 95% confidence interval (CI) were calculated according to random-effects
models of DerSimonian and Laird [18], which incorporates both within-and between-study
variability, as a weighted average of the estimated HRs, by giving each study a weight
proportional to its precision. Statistical heterogeneity among studies was evaluated using
the I2 and τ2 statistics [18]. Influence analysis was performed when pooled HR were
estimated from five or more studies: pooled HR was calculated by omitting one study at
a time. Publication bias was assessed through a funnel plot [19]. Two authors (DB, MiT)
independently assessed the quality of the included studies with the Newcastle–Ottawa
Scale [20].

The results of the meta-analysis were presented graphically using forest plots, plotting
the individual paper and pooled HR and 95% CI. 95% CIs were derived from estimated
study variances. Statistical significance was defined as p < 0.05 (two sided).

3. Results

Details on the literature search process are shown in the flow chart of Figure 1.
Twenty-eight studies met the eligibility criteria out of the 3440 initially screened cita-
tions (Table 1) [15,16,21–46]. Upon contacting the corresponding authors of the papers by
Nguyen et al. and Spector et al. it was discovered that there was overlap in patient cohort
datasets in certain TIL sub-group analyses presented in these studies. Therefore, to allow
the inclusion of valid data we excluded the replicated data from the later published paper
of Spector et al., and only included overall HNSCC data from the larger cohort presented
by Nguyen et al.

The quality of included studies was high (Newcastle-Ottawa Scale score ≥7) in
21 (75%) of 28 studies, with a median of 8 (interquartile range 7–8). A detailed report
on the quality of included studies according to the Newcastle-Ottawa Scale is reported in
Supplementary results Table S1.
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Table 1. Characteristics and quality assessment of included studies.

Study Country Enrolment
Period Sample Size Subsite TILs Newcastle–Ottawa

Scale

Chatzopoulos, 2020 [23] Greece 1985–2008 283 Larynx CD8 8
Hu 2020 [27] China 2014–2017 111 Hypopharynx CD4, CD8 8

Landin 2020 [29] Sweden 2002–2013 149 Hypopharynx CD8 8
Boxberg, 2019 [46] Germany 2008–2012 66 Oral cavity CD8 6

Ngamphaiboon, 2019 [31] Thailand 2007–2013 203 Head & neck CD8 8
Shimizu, 2019 [36] Japan 2004–2014 139 Oral cavity CD8 8

Spector, 2019 [38] U. S. A. 2008–2014 234 Head & neck, oral cavity,
larynx CD8 8

Takahashi, 2019 [39] Japan 2000–2012 77 Oral cavity CD4, CD8 5
Zhou, 2019 [43] China 2004–2015 164 Oral cavity, larynx CD8 7
Ono, 2018 [35] Japan 2000–2014 96 Hypopharynx CD4 8

Solomon, 2018 [37] Australia 2002–2012 190 Oropharynx HPV+ CD8 8

Welters, 2018 [41] The
Netherlands 2007–2015 97 Oropharynx HPV+ CD4, CD8 6

Ahn, 2017 [21] South Korea 2003–2011 68 Oral cavity CD4, CD8 8
DeMeulenaere, 2017 [24] Belgium 2004–2013 14 Oropharynx HPV+ CD8 8

Fang, 2017 [25] China 2007–2009 78 Oral cavity CD4, CD8 8
Kogashiwa, 2017 [44] Japan 2007–2014 84 Oral cavity CD8 8
Oguejofor, 2017 [33] U. K. 2002–2011 124 Oropharynx HPV−/+ CD8 8

Wu, 2017 [42] China 2008–2015 165 Oral cavity CD8 8
Kim, 2016 [28] South Korea 2005–2012 402 Head & neck CD8 8

Nguyen, 2016 [32] U. S. A. 2008–2012 270 Head & neck, oral cavity CD4, CD8 7

van Kempen, 2016 [40] The
Netherlands 1997–2011 262 Oropharynx HPV−/+ CD4, CD8 8

Balermpas, 2015 [15] Germany 2004–2012 161 Head & neck CD8 8
Oguejofor, 2015 [34] U. K. 2002–2011 139 Oropharynx HPV− CD4 7
Balermpas, 2013 [15] Germany 2007–2010 101 Head & neck CD4, CD8 6

Hasmin, 2013 [26] France 2004–2011 83 Head & neck CD8 8
Nodfors, 2013 [16] Sweden 2000–2007 340 Oropharynx HPV−/+ CD8 8
Maleki, 2011 [30] U. S. A. — 40 Oral cavity CD8 5

Badoual, 2006 [22] France — 84 Head & neck CD4 7

3.1. CD4+ and Overall Survival

Eleven studies reported the association between CD4+ and overall survival (Figure 2).
Three studies reported results for head and neck cancers without information on specific
anatomical subsite; among them, the pooled HR was 0.77 (95% CI: 0.65–0.93), suggesting
an inverse association between CD4+ and mortality (Figure 2a). However, this association
appeared to vary according to specific subsite (Figure 2b–d). CD4+ was associated with
a lower risk of death for cancer of the oropharynx (pooled HR = 0.52; 95% CI: 0.31–0.89),
but not of the oral cavity (pooled HR = 0.98; 95% CI: 0.96–1.00) and hypopharynx (pooled
HR = 0.77; 95% CI: 0.49–1.20). No specific data was available for laryngeal cancer.

3.2. CD8+ and Overall Survival

Twenty-five studies investigated the association between CD8+ and overall survival
(Table 1). Among studies that reported results for all head and neck cancer subsites
combined (Figure 3), CD8+ was associated with increased survival (pooled HR = 0.64;
95% CI: 0.47–0.88). No publication bias emerged by funnel plot inspection; further, influ-
ence analysis reported pooled HR ranging from 0.57 (CI: 0.37–0.89) by excluding the study
by Nguyen et al. [32] to 0.73 (CI: 0.57–0.94) by excluding the study by Balermpas et al. [15].

However, the magnitude of this association may depend upon the proportion of
the specific intra-tumoral subsite data included in each study, since the prognostic rele-
vance of CD8+ in head and neck cancers was found to vary according to intra-tumoral
location. CD8+ in oral cancer trended towards improved survival (pooled HR 0.74,
95% CI: 0.54–1.01) although not to a statistically significant level. Results for intra-tumoral
subsite and CD8+ in oral cavity cancers appeared largely heterogenous (Figure 4)—tumor
core and parenchymal CD8+ trended towards an improved survival—while stromal CD8+
was inconclusive. Conversely, CD8+ was strongly associated with increased survival in
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oropharyngeal cancer (Figure 5), in both HPV-negative (pooled HR = 0.39; 95% CI:0.16–0.93)
and HPV-positive cancers (pooled HR = 0.40; 95% CI:0.21–0.76 on tumor samples and
pooled HR = 0.34; 95% CI:0.15–0.77 on stromal samples) with HPV status being determined
by both p16 and DNA in all studies with exception of study by Solomon et al. [37] which
defined HPV positivity based on p16 immunostaining alone. No publication bias emerged
by funnel plot inspection for HPV-positive tumor samples. Furthermore, consistent results
emerged from influence analysis, with pooled HR ranging from 0.32 (0.21–0.49) by exclud-
ing Oguejiofor et al. [33] to 0.47 (0.24–0.91) by excluding Nodfors et al. [16]. Three studies
reported results for CD8+ and survival in hypopharyngeal cancer (Figure 3d) showing
increased survival with pooled HR = 0.43 (0.30–0.63). In addition, 3 studies reported
results for laryngeal cancer (Figure 3e), showing homogeneous associations with increased
survival, although not to a significant level (pooled HR = 0.77; 95% CI: 0.57–1.03).
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Figure 5. Forest plots for the association between CD8+ tumor-infiltrating lymphocytes and overall survival in oropharyn-
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4. Discussion
4.1. Summary of Results

The present meta-analysis focused on the prognostic role of elevated CD4+ and CD8+
TIL populations in HNSCC, reporting on 28 studies. Our principal finding is that while
CD4+ and CD8+ TIL populations associate with improved OS in HNSCC, there was
considerable heterogeneity in outcomes between different tumor anatomical subsites—
previously unreported in the literature. We observed that across datasets of pooled HNSCC
anatomical subsites, both CD4+ and CD8+ were associated with improved OS. High CD4+
and CD8+ TILs were significantly associated with improved OS among oropharyngeal
cancers and high CD8+ was associated with improved OS in hypopharyngeal cancers.
HPV status did not differentiate TIL significance in oropharyngeal cancers. In contrast,
neither high CD4+ nor CD8+ TILs were associated with improved OS for oral cavity,
laryngeal or hypopharyngeal cancers. Trends observed with intra-tumoral CD8+ TIL
heterogeneity were inconclusive due to limited studies and anatomical subsite datasets.
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4.2. Clinical Significance

Several studies have reported the presence of TILs as a favorable prognostic factor
for treatment outcomes in different types of cancer [47]. However, different subsets of
lymphocytes have different functions within the TIM [14] and have been found to infer
differing prognostic significance. A general observation of our data was that patterns of HR
significance were maintained among both CD4+ and CD8+ TIL populations for anatomical
subsites, indicating that tumor location is a greater discriminating factor than T-cell subset
in HNSCC.

We are unable to draw any firm conclusions relating to intra-tumoral CD4+/CD8+
TIL location and prognostic significance (Figures 4 and 5). In part due to low numbers
of studies, but also heterogeneity between datasets, study criteria, and number of de-
fined intra-tumoral locations. Reports from other cancers, for example colorectal cancer,
have highlighted prognostic significance of TIL subsets and intra-tumoral heterogene-
ity [48]. Nonetheless, such trends should warrant further investigation and the clinical
translation of T-cell TIL markers in HNSCC will be dependent upon standardization of such
parameters. In particular, as HNSCC exhibits high levels of intra-tumoral heterogeneity,
of both the genomic and immune landscape [49].

The HPV status of oropharyngeal cancers is one of very few predictive markers in
HNSCC [50]. The recent separation of HPV +ve and −ve disease into two different disease
entities in the 8th Edition of the AJCC staging criteria poses several questions. Notably,
how can TILs be incorporated into these different prognostic models. In addition, using p16
immunostaining as a stand-alone test to define an oropharyngeal carcinoma as HPV-driven
also raises concerns [51]. p16 immunostaining has indeed shown suboptimal sensitivity and
insufficient specificity with 10 to 20% of p16-positive oropharyngeal carcinoma resulting
HPV-DNA/RNA negative. Thus, prognostic stratification based on p16 alone has been
found inadequate with respect to one based on more precise biomarkers of transforming
HPV infections [52]. The underlying driver of carcinogenesis also appears to influence
the density and composition of the lymphatic infiltrate—as demonstrated in hormone
receptor-negative breast cancers which are observed to have higher TIL density than
hormone receptor-positive breast cancers [53,54]. Given the differing underlying etiology
and carcinogenic pathways in HPV+ve and −ve cancers and the role of the TIM in invasion
and metastasis [55], we had expected to see differing TIL significance in these sub-groups.
While only CD8+ datasets were available, the prognostic significance remained within both
sub-groups. It remains to be seen what prognostic/predictive value other TIL phenotypic
subsets may hold in the HPV+ve tumor sub-group.

4.3. Future Work

To incorporate TIL biomarkers, and specifically T-cell subset markers, into clinical
practice it is crucial to establish standardized assessment protocols and general cut-off
values. As previously highlighted, consensus is forming with regard how to assess TILs
as a whole; however, evidence for phenotypic subset quantification is lacking in HNSCC.
For the clinical translation of these biomarkers, such standardized protocols are the first
step to design robust randomized clinical trials to enable more accurate patient treatment
stratification. Results in other cancer types that indicate an equivalent if not improved
prognostic value of TILs as biomarkers when compared to conventional TNM classifica-
tion systems are certainly promising for the incorporation of TILs into existing HNSCC
prognostic models [56,57].

To gain a deeper understanding of the TIM, further characterization is needed, includ-
ing identification of phenotypically distinct immune cell populations and their state of
activation or exhaustion. Novel development of multi-parameter assessment methods to
view several cell types and corresponding marker expression may facilitate these goals.
Such as multiplex fluorescence immunohistochemistry, which is a promising technique
that has the ability to simultaneously assess multiple cell subsets in situ, maximize data
harvesting per tissue section, improve the quality and detail of pathological analysis and
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thus efficient tissue use [58]. Finally, at present it is unclear whether conventional treatment
protocols for HNSCC inhibit or promote tumor immune response mechanisms. Distel
and Buttner [59] investigated intra-tumoral immune profiles before and after primary
chemoradiation and concluded that post-therapy cytotoxic T lymphocytes were depleted
to a lesser extent than immunosuppressive T regulatory cells. Such findings will influence
the timing of TIL assessment in conventional treatment pathways and the clinical efficacy
of such values should pre-defined cut-offs be universally endorsed.

The primary recommendation from this meta-analysis is the need for further studies
that investigate homogenous patient and/or treatment groups, for example immune-
checkpoint inhibitors, with clearly defined research questions. Key areas of interest will
be immune cell intra-tumoral heterogeneity and the relationship of therapeutic target
marker expression, such as programmed death-ligand 1, to TILs and in particular CD4+
and CD8+ T-cell subsets. Immunotherapy in HNSCC is poorly served by predictive
biomarkers, thus the addition of TIL scores to more accurately stratify these patients may
hold particular promise.

4.4. Limitations

This study has some limitations. Although the number of papers included in this
study are adequate, some studies did not provide detailed information regarding the
subtypes of TILs or each tumor subsite. In addition, specific treatment groups within
studies were heterogenous or poorly reported and thus not amendable to individual
analysis. The prognostic value of TIL biomarkers is likely to differ between different
tumor subsites, tumor stage, and treatment groups. Due to different cut-off values of the
high-density and low-density groups of TILs, techniques of detecting TILs, and the source
of specimen, the level of interstudy heterogeneity was relatively high.

5. Conclusions

We have demonstrated that high-density CD4+ and CD8+ TILs were associated with
improved OS rates in HNSCC. Moreover, tumor location and intra-tumoral subsite signifi-
cantly influenced the prognostic value of these TIL biomarkers—with a clear separation
between oral cavity and oropharyngeal cancers. Our data clearly demonstrates the require-
ment for well-designed prospective studies with the aim of generating standardized TIL
assessment protocols for clinical translation.

Supplementary Materials: The following are available online at https://www.mdpi.com/2072-669
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Funding: K.P. is funded by Cancer Research UK.

Acknowledgments: The authors thank Jacqueline Smith, clinical librarian at UCL Library for her
support during the systematic review search.

Conflicts of Interest: The authors declare no conflict of interest.

References
1. Gatta, G.; Botta, L.; Sanchez, M.J.; Anderson, L.A.; Pierannunzio, D.; Licitra, L.; Group, E.W. Prognoses and improvement for

head and neck cancers diagnosed in Europe in early 2000s: The EUROCARE-5 population-based study. Eur. J. Cancer 2015,
51, 2130–2143. [CrossRef]

2. Ferris, R.L. Immunology and Immunotherapy of Head and Neck Cancer. J. Clin. Oncol. 2015, 33, 3293–3304. [CrossRef]
3. Kuss, I.; Hathaway, B.; Ferris, R.L.; Gooding, W.; Whiteside, T.L. Decreased absolute counts of T lymphocyte subsets and their

relation to disease in squamous cell carcinoma of the head and neck. Clin. Cancer Res. 2004, 10, 3755–3762. [CrossRef]
4. Mandal, R.; Senbabaoglu, Y.; Desrichard, A.; Havel, J.J.; Dalin, M.G.; Riaz, N.; Lee, K.W.; Ganly, I.; Hakimi, A.A.; Chan, T.A.; et al.

The head and neck cancer immune landscape and its immunotherapeutic implications. JCI Insight 2016, 1, e89829. [CrossRef]
[PubMed]

5. Binnewies, M.; Roberts, E.W.; Kersten, K.; Chan, V.; Fearon, D.F.; Merad, M.; Coussens, L.M.; Gabrilovich, D.I.;
Ostrand-Rosenberg, S.; Hedrick, C.C.; et al. Understanding the tumor immune microenvironment (TIME) for effective
therapy. Nat. Med. 2018, 24, 541–550. [CrossRef] [PubMed]

https://www.mdpi.com/2072-6694/13/4/781/s1
https://www.mdpi.com/2072-6694/13/4/781/s1
http://doi.org/10.1016/j.ejca.2015.07.043
http://doi.org/10.1200/JCO.2015.61.1509
http://doi.org/10.1158/1078-0432.CCR-04-0054
http://doi.org/10.1172/jci.insight.89829
http://www.ncbi.nlm.nih.gov/pubmed/27777979
http://doi.org/10.1038/s41591-018-0014-x
http://www.ncbi.nlm.nih.gov/pubmed/29686425


Cancers 2021, 13, 781 12 of 14

6. Mei, Z.; Liu, Y.; Liu, C.; Cui, A.; Liang, Z.; Wang, G.; Peng, H.; Cui, L.; Li, C. Tumour-infiltrating inflammation and prognosis in
colorectal cancer: Systematic review and meta-analysis. Br. J. Cancer 2014, 110, 1595–1605. [CrossRef] [PubMed]

7. Almangush, A.; Leivo, I.; Makitie, A.A. Overall assessment of tumor-infiltrating lymphocytes in head and neck squamous cell
carcinoma: Time to take notice. Acta Otolaryngol. 2020, 140, 246–248. [CrossRef] [PubMed]

8. Ward, M.J.; Thirdborough, S.M.; Mellows, T.; Riley, C.; Harris, S.; Suchak, K.; Webb, A.; Hampton, C.; Patel, N.N.;
Randall, C.J.; et al. Tumour-infiltrating lymphocytes predict for outcome in HPV-positive oropharyngeal cancer. Br. J. Cancer
2014, 110, 489–500. [CrossRef] [PubMed]

9. Xu, Q.; Wang, C.; Yuan, X.; Feng, Z.; Han, Z. Prognostic Value of Tumor-Infiltrating Lymphocytes for Patients with Head and
Neck Squamous Cell Carcinoma. Transl. Oncol. 2017, 10, 10–16. [CrossRef] [PubMed]

10. Heikkinen, I.; Bello, I.O.; Wahab, A.; Hagstrom, J.; Haglund, C.; Coletta, R.D.; Nieminen, P.; Makitie, A.A.; Salo, T.; Leivo, I.; et al.
Assessment of Tumor-infiltrating Lymphocytes Predicts the Behavior of Early-stage Oral Tongue Cancer. Am. J. Surg. Pathol.
2019, 43, 1392–1396. [CrossRef]

11. Mittal, D.; Gubin, M.M.; Schreiber, R.D.; Smyth, M.J. New insights into cancer immunoediting and its three component phases–
elimination, equilibrium and escape. Curr. Opin. Immunol. 2014, 27, 16–25. [CrossRef]

12. Palucka, A.K.; Coussens, L.M. The Basis of Oncoimmunology. Cell 2016, 164, 1233–1247. [CrossRef]
13. Masterson, L.; Lechner, M.; Loewenbein, S.; Mohammed, H.; Davies-Husband, C.; Fenton, T.; Sudhoff, H.; Jani, P.; Goon, P.;

Sterling, J. CD8(+) T cell response to human papillomavirus 16 E7 is able to predict survival outcome in oropharyngeal cancer.
Eur. J. Cancer 2016, 67, 141–151. [CrossRef] [PubMed]

14. Hadler-Olsen, E.; Wirsing, A.M. Tissue-infiltrating immune cells as prognostic markers in oral squamous cell carcinoma:
A systematic review and meta-analysis. Br. J. Cancer 2019, 120, 714–727. [CrossRef]

15. Balermpas, P.; Michel, Y.; Wagenblast, J.; Seitz, O.; Weiss, C.; Rodel, F.; Rodel, C.; Fokas, E. Tumour-infiltrating lymphocytes
predict response to definitive chemoradiotherapy in head and neck cancer. Br. J. Cancer 2014, 110, 501–509. [CrossRef] [PubMed]

16. Nordfors, C.; Grun, N.; Tertipis, N.; Ahrlund-Richter, A.; Haeggblom, L.; Sivars, L.; Du, J.; Nyberg, T.; Marklund, L.;
Munck-Wikland, E.; et al. CD8+ and CD4+ tumour infiltrating lymphocytes in relation to human papillomavirus status and
clinical outcome in tonsillar and base of tongue squamous cell carcinoma. Eur. J. Cancer 2013, 49, 2522–2530. [CrossRef]

17. Moher, D.; Shamseer, L.; Clarke, M.; Ghersi, D.; Liberati, A.; Petticrew, M.; Shekelle, P.; Stewart, L.A.; Group, P.-P. Preferred
reporting items for systematic review and meta-analysis protocols (PRISMA-P) 2015 statement. Syst. Rev. 2015, 4, 1. [CrossRef]
[PubMed]

18. Normand, S.L. Meta-analysis: Formulating, evaluating, combining, and reporting. Stat. Med. 1999, 18, 321–359. [CrossRef]
19. Sterne, J.A.; Egger, M. Funnel plots for detecting bias in meta-analysis: Guidelines on choice of axis. J. Clin. Epidemiol. 2001,

54, 1046–1055. [CrossRef]
20. Wells, G.; Shea, B.; O’Connell, D.; Peterson, J.; Welch, V.; Losos, M.; Tugwell, P. Newcastle-Ottawa quality assessment scale

cohort studies. Univ. Ott. 2014. Available online: http://www.ohri.ca/programs/clinical_epidemiology/oxford.asp (accessed on
28 January 2021).

21. Ahn, H.; Yang, J.M.; Kim, H.; Chung, J.H.; Ahn, S.H.; Jeong, W.J.; Paik, J.H. Clinicopathologic implications of the miR-197/PD-L1
axis in oral squamous cell carcinoma. Oncotarget 2017, 8, 66178–66194. [CrossRef] [PubMed]

22. Badoual, C.; Hans, S.; Rodriguez, J.; Peyrard, S.; Klein, C.; Agueznay Nel, H.; Mosseri, V.; Laccourreye, O.; Bruneval, P.;
Fridman, W.H.; et al. Prognostic value of tumor-infiltrating CD4+ T-cell subpopulations in head and neck cancers.
Clin. Cancer Res. 2006, 12, 465–472. [CrossRef] [PubMed]

23. Chatzopoulos, K.; Kotoula, V.; Manoussou, K.; Markou, K.; Vlachtsis, K.; Angouridakis, N.; Nikolaou, A.; Vassilakopoulou, M.;
Psyrri, A.; Fountzilas, G. Tumor Infiltrating Lymphocytes and CD8+ T Cell Subsets as Prognostic Markers in Patients with
Surgically Treated Laryngeal Squamous Cell Carcinoma. Head Neck Pathol. 2020, 14, 689–700. [CrossRef]

24. De Meulenaere, A.; Vermassen, T.; Aspeslagh, S.; Zwaenepoel, K.; Deron, P.; Duprez, F.; Rottey, S.; Ferdinande, L. Prognostic
markers in oropharyngeal squamous cell carcinoma: Focus on CD70 and tumour infiltrating lymphocytes. Pathology 2017,
49, 397–404. [CrossRef] [PubMed]

25. Fang, J.; Li, X.; Ma, D.; Liu, X.; Chen, Y.; Wang, Y.; Lui, V.W.Y.; Xia, J.; Cheng, B.; Wang, Z. Prognostic significance of tumor
infiltrating immune cells in oral squamous cell carcinoma. BMC Cancer 2017, 17, 375. [CrossRef] [PubMed]

26. Hasmim, M.; Badoual, C.; Vielh, P.; Drusch, F.; Marty, V.; Laplanche, A.; de Oliveira Diniz, M.; Roussel, H.; De Guillebon, E.;
Oudard, S.; et al. Expression of EPHRIN-A1, SCINDERIN and MHC class I molecules in head and neck cancers and relationship
with the prognostic value of intratumoral CD8+ T cells. BMC Cancer 2013, 13, 592. [CrossRef]

27. Hu, C.; Tian, S.; Lin, L.; Zhang, J.; Ding, H. Prognostic and clinicopathological significance of PD-L1 and tumor infiltrating
lymphocytes in hypopharyngeal squamous cell carcinoma. Oral Oncol. 2020, 102, 104560. [CrossRef] [PubMed]

28. Kim, H.R.; Ha, S.J.; Hong, M.H.; Heo, S.J.; Koh, Y.W.; Choi, E.C.; Kim, E.K.; Pyo, K.H.; Jung, I.; Seo, D.; et al. PD-L1 expression on
immune cells, but not on tumor cells, is a favorable prognostic factor for head and neck cancer patients. Sci. Rep. 2016, 6, 36956.
[CrossRef] [PubMed]

29. Landin, D.; Ahrlund-Richter, A.; Mirzaie, L.; Mints, M.; Nasman, A.; Kolev, A.; Marklund, L.; Dalianis, T.; Munck-Wikland, E.;
Ramqvist, T. Immune related proteins and tumor infiltrating CD8+ lymphocytes in hypopharyngeal cancer in relation to human
papillomavirus (HPV) and clinical outcome. Head Neck 2020, 42, 3206–3217. [CrossRef]

http://doi.org/10.1038/bjc.2014.46
http://www.ncbi.nlm.nih.gov/pubmed/24504370
http://doi.org/10.1080/00016489.2020.1720284
http://www.ncbi.nlm.nih.gov/pubmed/32022615
http://doi.org/10.1038/bjc.2013.639
http://www.ncbi.nlm.nih.gov/pubmed/24169344
http://doi.org/10.1016/j.tranon.2016.10.005
http://www.ncbi.nlm.nih.gov/pubmed/27888708
http://doi.org/10.1097/PAS.0000000000001323
http://doi.org/10.1016/j.coi.2014.01.004
http://doi.org/10.1016/j.cell.2016.01.049
http://doi.org/10.1016/j.ejca.2016.08.012
http://www.ncbi.nlm.nih.gov/pubmed/27669501
http://doi.org/10.1038/s41416-019-0409-6
http://doi.org/10.1038/bjc.2013.640
http://www.ncbi.nlm.nih.gov/pubmed/24129245
http://doi.org/10.1016/j.ejca.2013.03.019
http://doi.org/10.1186/2046-4053-4-1
http://www.ncbi.nlm.nih.gov/pubmed/25554246
http://doi.org/10.1002/(SICI)1097-0258(19990215)18:3&lt;321::AID-SIM28&gt;3.0.CO;2-P
http://doi.org/10.1016/S0895-4356(01)00377-8
http://www.ohri.ca/programs/clinical_epidemiology/oxford.asp
http://doi.org/10.18632/oncotarget.19842
http://www.ncbi.nlm.nih.gov/pubmed/29029502
http://doi.org/10.1158/1078-0432.CCR-05-1886
http://www.ncbi.nlm.nih.gov/pubmed/16428488
http://doi.org/10.1007/s12105-019-01101-6
http://doi.org/10.1016/j.pathol.2017.02.002
http://www.ncbi.nlm.nih.gov/pubmed/28427753
http://doi.org/10.1186/s12885-017-3317-2
http://www.ncbi.nlm.nih.gov/pubmed/28549420
http://doi.org/10.1186/1471-2407-13-592
http://doi.org/10.1016/j.oraloncology.2019.104560
http://www.ncbi.nlm.nih.gov/pubmed/31923855
http://doi.org/10.1038/srep36956
http://www.ncbi.nlm.nih.gov/pubmed/27841362
http://doi.org/10.1002/hed.26364


Cancers 2021, 13, 781 13 of 14

30. Maleki, S.; Schlecht, N.F.; Keller, C.; Diaz, J.; Moss, J.; Prystowsky, M.B.; Macian, F.; Brandwein-Gensler, M. Lymphocytic host
response to oral squamous cell carcinoma: An adaptive T-cell response at the tumor interface. Head Neck Pathol. 2011, 5, 117–122.
[CrossRef] [PubMed]

31. Ngamphaiboon, N.; Chureemas, T.; Siripoon, T.; Arsa, L.; Trachu, N.; Jiarpinitnun, C.; Pattaranutaporn, P.; Sirachainan, E.;
Larbcharoensub, N. Characteristics and impact of programmed death-ligand 1 expression, CD8+ tumor-infiltrating lymphocytes,
and p16 status in head and neck squamous cell carcinoma. Med. Oncol. 2019, 36, 21. [CrossRef] [PubMed]

32. Nguyen, N.; Bellile, E.; Thomas, D.; McHugh, J.; Rozek, L.; Virani, S.; Peterson, L.; Carey, T.E.; Walline, H.; Moyer, J.; et al.
Tumor infiltrating lymphocytes and survival in patients with head and neck squamous cell carcinoma. Head Neck 2016, 38, 1074–1084.
[CrossRef] [PubMed]

33. Oguejiofor, K.; Galletta-Williams, H.; Dovedi, S.J.; Roberts, D.L.; Stern, P.L.; West, C.M. Distinct patterns of infiltrating CD8+
T cells in HPV+ and CD68 macrophages in HPV- oropharyngeal squamous cell carcinomas are associated with better clinical
outcome but PD-L1 expression is not prognostic. Oncotarget 2017, 8, 14416–14427. [CrossRef]

34. Oguejiofor, K.; Hall, J.; Slater, C.; Betts, G.; Hall, G.; Slevin, N.; Dovedi, S.; Stern, P.L.; West, C.M. Stromal infiltration of CD8
T cells is associated with improved clinical outcome in HPV-positive oropharyngeal squamous carcinoma. Br. J. Cancer 2015,
113, 886–893. [CrossRef]

35. Ono, T.; Azuma, K.; Kawahara, A.; Akiba, J.; Kakuma, T.; Chitose, S.; Umeno, H. Pre-treatment CD8(+) tumour-infiltrating
lymphocyte density predicts distant metastasis after definitive treatment in patients with stage III/IV hypopharyngeal squamous
cell carcinoma. Clin. Otolaryngol. 2018, 43, 1312–1320. [CrossRef] [PubMed]

36. Shimizu, S.; Hiratsuka, H.; Koike, K.; Tsuchihashi, K.; Sonoda, T.; Ogi, K.; Miyakawa, A.; Kobayashi, J.; Kaneko, T.;
Igarashi, T.; et al. Tumor-infiltrating CD8(+) T-cell density is an independent prognostic marker for oral squamous cell carcinoma.
Cancer Med. 2019, 8, 80–93. [CrossRef] [PubMed]

37. Solomon, B.; Young, R.J.; Bressel, M.; Urban, D.; Hendry, S.; Thai, A.; Angel, C.; Haddad, A.; Kowanetz, M.; Fua, T.; et al. Prognostic
Significance of PD-L1(+) and CD8(+) Immune Cells in HPV(+) Oropharyngeal Squamous Cell Carcinoma. Cancer Immunol. Res.
2018, 6, 295–304. [CrossRef] [PubMed]

38. Spector, M.E.; Bellile, E.; Amlani, L.; Zarins, K.; Smith, J.; Brenner, J.C.; Rozek, L.; Nguyen, A.; Thomas, D.; McHugh, J.B.; et al.
Prognostic Value of Tumor-Infiltrating Lymphocytes in Head and Neck Squamous Cell Carcinoma. JAMA Otolaryngol. Head
Neck Surg. 2019. [CrossRef] [PubMed]

39. Takahashi, H.; Sakakura, K.; Arisaka, Y.; Tokue, A.; Kaira, K.; Tada, H.; Higuchi, T.; Okamoto, A.; Tsushima, Y.; Chikamatsu, K.
Clinical and Biological Significance of PD-L1 Expression Within the Tumor Microenvironment of Oral Squamous Cell Carcinoma.
Anticancer Res. 2019, 39, 3039–3046. [CrossRef] [PubMed]

40. van Kempen, P.M.; Noorlag, R.; Swartz, J.E.; Bovenschen, N.; Braunius, W.W.; Vermeulen, J.F.; Van Cann, E.M.; Grolman, W.;
Willems, S.M. Oropharyngeal squamous cell carcinomas differentially express granzyme inhibitors. Cancer Immunol. Immunother.
2016, 65, 575–585. [CrossRef] [PubMed]

41. Welters, M.J.P.; Ma, W.; Santegoets, S.; Goedemans, R.; Ehsan, I.; Jordanova, E.S.; van Ham, V.J.; van Unen, V.; Koning, F.;
van Egmond, S.I.; et al. Intratumoral HPV16-Specific T Cells Constitute a Type I-Oriented Tumor Microenvironment to Improve
Survival in HPV16-Driven Oropharyngeal Cancer. Clin. Cancer Res. 2018, 24, 634–647. [CrossRef]

42. Wu, L.; Deng, W.W.; Huang, C.F.; Bu, L.L.; Yu, G.T.; Mao, L.; Zhang, W.F.; Liu, B.; Sun, Z.J. Expression of VISTA cor-
related with immunosuppression and synergized with CD8 to predict survival in human oral squamous cell carcinoma.
Cancer Immunol. Immunother. 2017, 66, 627–636. [CrossRef]

43. Zhou, L.; Li, Y.; Gao, W.; Huangfu, H.; Wen, S.; Zhang, C.; Zhao, Q.; Dong, Z.; Qu, C.; Li, G.; et al. Assessment of tumor-associated
immune cells in laryngeal squamous cell carcinoma. J. Cancer Res. Clin. Oncol. 2019, 145, 1761–1772. [CrossRef]

44. Kogashiwa, Y.; Yasuda, M.; Sakurai, H.; Nakahira, M.; Sano, Y.; Gonda, K.; Ikeda, T.; Inoue, H.; Kuba, K.; Oba, S.; et al. PD-L1
Expression Confers Better Prognosis in Locally Advanced Oral Squamous Cell Carcinoma. Anticancer Res. 2017, 37, 1417–1424.
[CrossRef]

45. Balermpas, P.; Rodel, F.; Rodel, C.; Krause, M.; Linge, A.; Lohaus, F.; Baumann, M.; Tinhofer, I.; Budach, V.; Gkika, E.; et al. CD8+
tumour-infiltrating lymphocytes in relation to HPV status and clinical outcome in patients with head and neck cancer after
postoperative chemoradiotherapy: A multicentre study of the German cancer consortium radiation oncology group (DKTK-ROG).
Int. J. Cancer 2016, 138, 171–181. [CrossRef] [PubMed]

46. Boxberg, M.; Leising, L.; Steiger, K.; Jesinghaus, M.; Alkhamas, A.; Mielke, M.; Pfarr, N.; Gotz, C.; Wolff, K.D.; Weichert, W.; et al.
Composition and Clinical Impact of the Immunologic Tumor Microenvironment in Oral Squamous Cell Carcinoma. J. Immunol.
2019, 202, 278–291. [CrossRef]

47. Gooden, M.J.; de Bock, G.H.; Leffers, N.; Daemen, T.; Nijman, H.W. The prognostic influence of tumour-infiltrating lymphocytes
in cancer: A systematic review with meta-analysis. Br. J. Cancer 2011, 105, 93–103. [CrossRef]

48. Zhao, Y.; Ge, X.; He, J.; Cheng, Y.; Wang, Z.; Wang, J.; Sun, L. The prognostic value of tumor-infiltrating lymphocytes in colorectal
cancer differs by anatomical subsite: A systematic review and meta-analysis. World J. Surg. Oncol. 2019, 17, 85. [CrossRef]

49. Canning, M.; Guo, G.; Yu, M.; Myint, C.; Groves, M.W.; Byrd, J.K.; Cui, Y. Heterogeneity of the Head and Neck Squamous Cell
Carcinoma Immune Landscape and Its Impact on Immunotherapy. Front. Cell Dev. Biol. 2019, 7, 52. [CrossRef]

http://doi.org/10.1007/s12105-011-0247-1
http://www.ncbi.nlm.nih.gov/pubmed/21318408
http://doi.org/10.1007/s12032-018-1241-1
http://www.ncbi.nlm.nih.gov/pubmed/30666437
http://doi.org/10.1002/hed.24406
http://www.ncbi.nlm.nih.gov/pubmed/26879675
http://doi.org/10.18632/oncotarget.14796
http://doi.org/10.1038/bjc.2015.277
http://doi.org/10.1111/coa.13171
http://www.ncbi.nlm.nih.gov/pubmed/29896922
http://doi.org/10.1002/cam4.1889
http://www.ncbi.nlm.nih.gov/pubmed/30600646
http://doi.org/10.1158/2326-6066.CIR-17-0299
http://www.ncbi.nlm.nih.gov/pubmed/29378694
http://doi.org/10.1001/jamaoto.2019.2427
http://www.ncbi.nlm.nih.gov/pubmed/31486841
http://doi.org/10.21873/anticanres.13437
http://www.ncbi.nlm.nih.gov/pubmed/31177146
http://doi.org/10.1007/s00262-016-1819-4
http://www.ncbi.nlm.nih.gov/pubmed/26993499
http://doi.org/10.1158/1078-0432.CCR-17-2140
http://doi.org/10.1007/s00262-017-1968-0
http://doi.org/10.1007/s00432-019-02936-w
http://doi.org/10.21873/anticanres.11465
http://doi.org/10.1002/ijc.29683
http://www.ncbi.nlm.nih.gov/pubmed/26178914
http://doi.org/10.4049/jimmunol.1800242
http://doi.org/10.1038/bjc.2011.189
http://doi.org/10.1186/s12957-019-1621-9
http://doi.org/10.3389/fcell.2019.00052


Cancers 2021, 13, 781 14 of 14

50. Ang, K.K.; Harris, J.; Wheeler, R.; Weber, R.; Rosenthal, D.I.; Nguyen-Tan, P.F.; Westra, W.H.; Chung, C.H.; Jordan, R.C.;
Lu, C.; et al. Human papillomavirus and survival of patients with oropharyngeal cancer. N. Engl. J. Med. 2010, 363, 24–35.
[CrossRef]

51. Boscolo-Rizzo, P.; Dietz, A. The AJCC/UICC eighth edition for staging head and neck cancers: Is it wise to de-escalate treatment
regimens in p16-positive oropharyngeal cancer patients? Int. J. Cancer 2017, 141, 1490–1491. [CrossRef]

52. Boscolo-Rizzo, P.; Pawlita, M.; Holzinger, D. From HPV-positive towards HPV-driven oropharyngeal squamous cell carcinomas.
Cancer Treat. Rev. 2016, 42, 24–29. [CrossRef]

53. Ohtani, H.; Mori-Shiraishi, K.; Nakajima, M.; Ueki, H. Defining lymphocyte-predominant breast cancer by the proportion of
lymphocyte-rich stroma and its significance in routine histopathological diagnosis. Pathol. Int. 2015, 65, 644–651. [CrossRef]
[PubMed]

54. Stanton, S.E.; Adams, S.; Disis, M.L. Variation in the Incidence and Magnitude of Tumor-Infiltrating Lymphocytes in Breast
Cancer Subtypes: A Systematic Review. JAMA Oncol. 2016, 2, 1354–1360. [CrossRef] [PubMed]

55. Soysal, S.D.; Tzankov, A.; Muenst, S.E. Role of the Tumor Microenvironment in Breast Cancer. Pathobiology 2015, 82, 142–152.
[CrossRef] [PubMed]

56. Galon, J.; Pages, F.; Marincola, F.M.; Thurin, M.; Trinchieri, G.; Fox, B.A.; Gajewski, T.F.; Ascierto, P.A. The immune score as a new
possible approach for the classification of cancer. J. Transl. Med. 2012, 10, 1. [CrossRef]

57. Pages, F.; Mlecnik, B.; Marliot, F.; Bindea, G.; Ou, F.S.; Bifulco, C.; Lugli, A.; Zlobec, I.; Rau, T.T.; Berger, M.D.; et al. International
validation of the consensus Immunoscore for the classification of colon cancer: A prognostic and accuracy study. Lancet 2018,
391, 2128–2139. [CrossRef]

58. Tan, W.C.C.; Nerurkar, S.N.; Cai, H.Y.; Ng, H.H.M.; Wu, D.; Wee, Y.T.F.; Lim, J.C.T.; Yeong, J.; Lim, T.K.H. Overview of multiplex
immunohistochemistry/immunofluorescence techniques in the era of cancer immunotherapy. Cancer Commun. 2020, 40, 135–153.
[CrossRef]

59. Distel, L.; Buttner, M. Radiochemotherapy fosters a favorable pattern of inflammatory cells in head and neck tumors.
Oncoimmunology 2012, 1, 982–983. [CrossRef]

http://doi.org/10.1056/NEJMoa0912217
http://doi.org/10.1002/ijc.30837
http://doi.org/10.1016/j.ctrv.2015.10.009
http://doi.org/10.1111/pin.12355
http://www.ncbi.nlm.nih.gov/pubmed/26530981
http://doi.org/10.1001/jamaoncol.2016.1061
http://www.ncbi.nlm.nih.gov/pubmed/27355489
http://doi.org/10.1159/000430499
http://www.ncbi.nlm.nih.gov/pubmed/26330355
http://doi.org/10.1186/1479-5876-10-1
http://doi.org/10.1016/S0140-6736(18)30789-X
http://doi.org/10.1002/cac2.12023
http://doi.org/10.4161/onci.20200

	Introduction 
	Methods 
	Outcome Measures 
	Search Strategy 
	Selection Criteria 
	Data Extraction and Statistical Analysis 

	Results 
	CD4+ and Overall Survival 
	CD8+ and Overall Survival 

	Discussion 
	Summary of Results 
	Clinical Significance 
	Future Work 
	Limitations 

	Conclusions 
	References

