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Translational relevance: 

 
The introduction of immunotherapy in the treatment of cancer patients highlighted the 

critical role of patients’ immune fitness for successful immunotherapy. Patients with a better 

or less dysregulated immunity appeared to have a better clinical outcome after the 

immunological treatments. We proposed the CD137+T cell subset as a marker to define the 

“quality” of the immune activation of cancer patients able to predict the clinical outcome 

independently of tumor histotype and previous therapies.  We believe that the frequency of 

this cellular subset, evaluated before the beginning of immunotherapy, could be used by the 

oncologists as immunological biomarker able to define the wellness of the immune system. 

This parameter seemed to significantly contribute to the patients’ selection monitoring the 

response to immunological treatments and predicting the clinical outcome of cancer 

patients. 
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ABSTRACT 
 
Purpose:CD137 molecule is expressed by activated lymphocytes, and in cancer patients 

identifies the tumor-reactive T cells. In solid tumors, high levels of circulating CD137+T cells 

are associated with the clinical response and the disease-free status. Here, we examined 

the role of the CD137+T cells in the improvement of patients’ selection for immunotherapy 

treatment. 

Experimental Design: PBMC derived from 109 metastatic cancer patients (66 patients for 

the identification cohort and 43 for the validation cohort) were analysed for the expression 

of CD3,CD4,CD8,CD137 and PD1 molecules before the beginning of anti-PD1 therapy. 

Twenty-healthy donors were used as control. The soluble form of CD137(sCD137) was also 

analysed. The CD137+T cell subsets and the sCD137 were correlated with the 

clinicopathological characteristics. The distribution of CD137+T cells was also examined in 

different tumor settings. 

Results:The percentage of CD137+T cells was higher in healthy donors and in those 

patients with a better clinical status (performance status=0-1, n°metastasis<2) and these 

high levels were ascribed to the CD8+CD137+ T cell population. The high frequency of 

CD137+ and CD8+CD137+T cells resulted as a prognostic factor of OS and PFS, 

respectively, and were confirmed in the validation cohort.  High levels of CD3+CD137+PD1+ 

lymphocytes were associated with a low number of metastasis and longer survival. Instead, 

the high concentration of the immunosuppressive sCD137 in the serum is associated with a 

lower PFS and OS. In tumor bed, patients with a complete response showed a high 

percentage of CD137+and CD8+T cells.  

Conclusions:We propose the CD137+T subset as an immune biomarker to define the 

wellness status of the immune system for successful anti-cancer immunotherapy. 
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INTRODUCTION 

In the last years, cancer treatments have been revolutionized by immunotherapy, due 

to the ability of immune checkpoint inhibitors (ICIs) to steer the patients’ immune system 

towards immune activation. In particular, the anti-PD1 treatments aim to re-invigorate and 

amplify a pre-existing tumor-specific T cell subset by blocking the PD1/PDL1 axes (1). 

However, although these treatments, administered alone or in combination, have obtained 

encouraging results in several cancer types most of the patients show limited benefits (2-4). 

Besides the tumor biological parameters that have been extensively studied, it is 

becoming clear that the fitness of the immune system is strictly correlated to the success of 

immunotherapy. Indeed, the identification of specific biomarkers able to define the wellness 

of the immune system seems to significantly contribute to the patients’ selection. 

CD137 receptor (4-1BB, TNFRSF) is a TNFR-family member with costimulatory 

function expressed by CD8+ and CD4+ T cells upon activation, by natural killers (NKs), 

dendritic cells (DCs), eosinophils and vascular endothelium cells (5-7). Its counter-receptor 

is the CD137L expressed by activated antigen-presenting cells (APCs). CD137 induces a 

bidirectional stimulus that activates both interacting cell types (8). The triggering of the 

CD137-CD137L pathway induces T cell division and survival, enhances the effector function 

of lymphocytes (9), protects against activation-induce T cell apoptosis (10), enhances the T 

cell mitochondrial metabolism (11) and promotes the DNA demethylation of CD8 main genes 

(12). In APCs, it induces maturation, survival and enhances the capacity for antigen 

presentation (13).  

CD137 molecule is also released as a soluble form (sCD137) as result of alternative 

splicing variants (14), but its function completely differs from the membrane-bound 

molecule. Indeed, its interaction with CD137L on DCs prevents their maturation and the 

activation of T cells (15). 
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In the field of tumor immunology, the CD137 molecule has acquired great interest 

when this receptor was shown to identify the naturally occurring antigen-specific T cells able 

to kill tumor cells upon expansion (16). Several evidence demonstrated that the activation 

of CD137 was MHC-dependent and that its engagement induced the activation of T cells 

only in presence of a consistent antigen stimulation (17). Experiments carried out in the 

mouse model showed that only the CD137+ T cell subset was able to inhibit tumor growth 

compared to CD137- T cell population (16).  

Recently, the role of CD137+ T cells in eliciting an anti-tumor immune response has 

been highlighted in cancer patients. Ye at al. (16) demonstrated that CD137+ T cells were 

present at different levels in the tumor microenvironment, peripheral blood and ascites of 

ovarian cancer patients. Moreover, CD137+ lymphocytes located in the tumor bed identified 

the tumor-reactive T cells, independently by the expression of PD1 molecule, which usually 

is used as a marker of the exhausted lymphocytes (16,18).  

Several studies also demonstrated the positive correlation between the frequency of 

circulating CD137+ lymphocytes and the clinical outcome. In metastatic renal clear cell 

carcinoma (mRCC), high levels of CD137+ T cells positively correlated to response to 

Tyrosine Kinase Inhibitors (TKIs) (19,20). In the Non-small Cell Lung Cancer (NSCLC) 

setting, patients positive for the autoantibody IgM-rheumatoid factors showed decreased 

levels of circulating CD137+ T cells. These patients showed early progression or a reduced 

overall survival (OS) (21). 

All these evidence suggest a strong association between the presence of high levels 

of CD137+ T cells and the prolonged survival of cancer patients highlighting the role of 

CD137+ lymphocytes in the induction of an efficacious immune response against tumors.  

In this work, we analysed the circulating levels of CD137+ T cells in a cohort of 

patients belonging to different metastatic cancer settings (NSCLC, RCC, uveal melanoma 

(UV) and Head and Neck squamous cell carcinoma (HNSCC)) before the beginning of anti-
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PD1 treatment. The frequency of CD137+ T cells was correlated with several clinical 

parameters, such as gender, PS, response to immunotherapy, Progression-Free Survival 

(PFS) and OS. The results, also confirmed in a validation cohort, demonstrate that the 

CD137+ cells can be used as a parameter to define the immunological fitness of cancer 

patients and highlight the potential role of the CD137+ T cell subset as a biomarker to 

determine the success of immunotherapy. 
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MATERIALS AND METHODS 

Patients 

This study enrolled patients with a confirmed diagnosis of metastatic NSCLC, RCC, HNSCC 

and UM who underwent treatment with single-agent anti-PD1 as the first or second line of 

treatment at the Medical Oncology Department of Policlinico Umberto I Hospital, Azienda 

Ospedaliera S. Andrea and Fondazione Policlinico Universitario Agostino Gemelli IRCCS 

between April 2017 and August 2021. The patients were divided into two cohorts: 

identification (66 patients) and validation (43 patients). Patients belonging to the validation 

cohort were mainly prospective enrolled in the last two years. Patients were treated 

according to the tumor type with nivolumab or pembrolizumab with standard dose and 

schedule until disease progression or unacceptable toxicity. Toxicity was reported according 

to Common Terminology Criteria for Adverse Events (version 4.0) and was evaluated on 

day 1 of every cycle until the end of treatment. Criteria of inclusion were:  age > 18 years, 

histologically-documented diagnosis of NSCLS, RCC, HNSCC and UM, adequate cardiac, 

pulmonary, renal, liver and bone marrow function, EOCG Performance Status (PS) scored 

between 0-2. Criteria of exclusion were: autoimmune disease, systemic immunosuppression 

and any significant comorbidity. PS defines the functional status of a patient. Patients scored 

as PS=0 are fully active, able to carry on all pre-disease performance without restriction. 

Patients with PS=1 are restricted in physically strenuous activity, but ambulatory and able 

to carry out work of a light or sedentary nature. Patients scored as PS2 are ambulatory and 

capable of all self-care patients, but are unable to carry out any work activities; up and about 

more than 50% of waking hours (22). PFS, OS and clinical response rate were evaluated. 

PFS was defined as the time from anti-PD1 therapy starts until the first documented tumor 

progression or death from any cause. OS was defined as the interval between the beginning 

of immunotherapy (OS) or tumor diagnosis (OStot) to death for any case. The response was 

assessed every 4 weeks until disease progression using immune-related Response 
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Evaluation Criteria in Solid Tumors (i-RECIST) and classified as an incomplete and partial 

response, stable and progressive disease. The Clinical Response Rate was used to 

classified patients in Responders (patients with a complete, partial response and stable 

disease) and not-responders (progressors) after 6 months of therapy. The study was 

conducted in accordance with the Declaration of Helsinki and with good clinical practice 

guidelines. All patients signed informed consent. The Institutional Ethics Committee of the 

three involved institutions agreed to the final version of the protocol (RIF.CE: 4181). 

PBMCs and serum collection 

Peripheral blood mononuclear cells (PBMCs) derived from blood samples of 109 cancer 

patients before the beginning of anti-PD1 treatment and from 20 healthy donors (Policlinico 

Umberto I Ethics Committee Protocol, RIF.CE: 4214) were isolated by Ficoll-Hypaque 

gradient (Lympholite-H, Canada). Cancer patients’ sera were collected using BD Vacutainer 

Plus Plastic Serum tubes (Becton Dickinson, NJ, USA) after centrifugation at 1800 rpm for 

10 min. PBMCs and patients’ sera were cryopreserved until use. 

Immunophenotyping   

Cell immunophenotype was carried out by cytofluorimetry using a multi-parametric analysis 

combining the following conjugated anti-human monoclonal antibodies (MoAbs): anti-CD3 

BV510 (clone HIT3a), anti-CD8 APC-H7 (clone SK1), anti-CD137 APC (clone 4B4-1), anti-

PD1 BB700 (clone EH12.1), anti-Ki67 BV421 (clone B56) all purchased by Becton Dickinson 

(San Diego, CA, USA). The auto-fluorescence of the cells and the Fluorescence Minus One 

(FMO) were used as negative controls for the expression of CD137, PD1 and Ki67 

molecules. Samples were analysed by FACSCanto II flow cytometer and analysed by 

FACSDiva (version 8.0.2, BD Bioscience, San Diego, CA, USA) and FlowJo (version 10.8.8, 

Becton Dickinson) analysis software. The percentage of CD137+, CD4+CD137+, 

CD8+CD137+ and CD3+CD137+PD1+ cells was evaluated gating on CD3+ cells and PBMCs. 

The values of CD137+PD1+ cells were calculated gating on CD3+PD1+ cells and on PBMCs. 
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The percentage of Ki67+ cells was evaluated considering the CD8+CD137+PD1+ and 

CD8+CD137-PD1+ as 100%. 

Immunohistochemistry  

Immunohistochemistry was performed on paraffin slides representative of each tumor with 

the Leica Bond 3 auto Stainer, using the primary antibodies to CD4 (4B12), CD8 (4B11), 

CD20 (L26), CD21 (2G9), CD23 (1B12), CD3 (LN10) all purchased by Leica Biosystems, 

(Wetzlar, Germany) and CD137 (ab197942, Abcam, Cambridge, UK). The signal was 

obtained with Bond Polymer Refine detection that contains peroxide block, post primary, 

polymer reagent, DAB chromogen (brown signal) and Hematoxylin counterstain. The 

section was dehydrated and mounted. Tertiary lymphoid structures (TLS) characterization 

was determined based on cellular marker composition (CD20, CD21, CD23 and CD3) 

(23,24). 

Measurement of sCD137 in the serum 

sCD137 was evaluated in the serum of cancer patients belonging to the identification cohort 

before the beginning of immunotherapy using the CD137 (4-1BB) (Soluble) Human ELISA 

kit (ThermoFisher Scientific, Waltham, MA, USA) according to the manufacturer’ 

instructions. The concentration of sCD137 was evaluated by Multiskan FC (Thermofisher) 

at 450 nm of absorbance. 

Statistical analysis  

Descriptive statistics (median, range, and percentages) of clinical and biological 

characteristics of cancer patients were calculated. Student's t-test was used for comparing 

continuous variables between cases and controls, whereas Fisher’s exact test or χ2-test 

was used for categorical variables. The impact of clinicopathological variables on OS and 

PFS was analysed by both the univariate and multivariate analyses (UVA and MVA, 

respectively). With regards to UVA, patients’ OStot or OS (from diagnosis or therapy, 

respectively) and PFS were analysed using the Kaplan–Meier method and log-rank tests. 
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Prognostic clinic-pathological variables deemed of potential relevance in the univariate 

analysis (corresponding to a cutoff of p < 0.10) were included in the multivariate Cox 

proportional hazards regression analysis. A nomogram to predict 1- or 2-year OS probability 

was developed based on covariates retaining a statistically significant power (p < 0.05) in 

MVA.  Discrimination of nomogram was tested by Kaplan–Meier curves. A p < 0.05 was 

considered statistically significant. Statistical analyses were performed using R-package 

software. The calculation of the sample size was performed assuming an -level of 0.05 

and a -level of 0.20 (power 80%). With this assumption, the required sample size is 28 

cases in each group (i.e., a total of 56 cases) to detect a percentage difference of at least 

1.5% between groups having a standard deviation in the two study groups of 2%. The total 

number was increased to 66 patients to take into consideration patients’ loss at follow-up.   

Data availability Statement 
 
Data were generated by the authors and included in the article.  
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RESULTS 

Patients’ characteristics 

In this study were enrolled 109 cancer patients, 66 patients were included in the 

identification cohort, while 43 were included in the validation cohort (Table 1). Patients 

belonging to the identification cohort were affected by metastatic NSCLC, RCC, HNSCC 

and UM. Half of the patients were scored as PS=0 before the treatment with ICIs, 38% were 

classified as PS=1 and only 12% of patients were defined as PS=2. All patients were treated 

with an anti-PD1 agent as first (27%) or second-line treatment (73%). Forty-four percent of 

patients experienced G1 or G2 grade of toxicity and only 1 patient interrupted the anti-PD1 

treatment for unacceptable toxicity. Clinical Response Rate was used to classify responder 

(51%) and not-responder (49%) patients to anti-PD1 treatment. Thirty-two patients suffered 

from progression disease, 17 patients showed stable disease and 17 patients had a partial 

response after 6 months of the beginning of therapy. Patients belonging to the validation 

cohort suffered from metastatic NSCLC (40%) and HNSCC (60 %). Eighty-one percent of 

the patients were scored as PS=0,1 and most of them (88%) were treated with an anti-PD1 

agent as first-line treatment. Forty-one percent and 35% of the patients were classified as 

NR and R, respectively. The response of 24% of the patients was not evaluated because 

these patients did not reach the 6 months follow-up at the time of the analysis.  In addition 

to the patients’ characteristics, Table 1 reported all the biological parameters determined in 

the two cohorts of cancer patients. In particular, the median values of circulating 

CD3+CD137+ cells and the corresponding medians of CD4 and CD8 subpopulations are 

shown, such as the median value of CD3+CD137+PD1+ cells and the median concentration 

of the soluble form of CD137 released in the serum.  

High circulating levels of CD137+ T cells are associated with a better clinical status  

CD137 molecule is expressed by activated lymphocytes and by antigen-specific T 

cells both against viral and tumor antigens (25,26). To investigate whether healthy donors 
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and cancer patients showed differences in the percentage of CD3+CD137+ cells, the levels 

of circulating CD137+ lymphocytes were evaluated in 20 healthy donors and 66 cancer 

patients belonging to the identification cohort. Results demonstrated that healthy donors 

expressed a significantly higher percentage of CD3+CD137+ cells (3.2%1.2%, 

corresponding to 1.64%  0.8% of the PBMC fraction) than tumor patients (1.8%1.6% 

corresponding to 0.74%  0.8% of the PBMC fraction) (p<0.0007) (Figure 1A). A significant 

difference was also found analysing the frequency of CD3+ cells that resulted higher in 

healthy donors compared to cancer patients (52.211.96 vs. 4218; p=0.01) 

(Supplementary figure 1 A) suggesting that the level of CD3+T cells and in particular of 

CD137+ T cells could be considered as potential parameters to monitor the wellness status 

of the immune system. However, when these cellular subsets were analysed according to 

clinical response, responder patients (R) showed a percentage of CD137+ T cells 

(2.2%1.8%) significantly higher compared to the non-responder group (NR) (1.31.1) 

(p<0.03) (Figure 1B), although the frequency of the total CD3+ cells did not differ between 

the two groups (R vs. NR: 45.4%18% vs. 37.619.7; p=0.1)(Supplementary Figure 1B). 

This difference resulted to be mainly ascribed to CD8+CD137+ lymphocytes, that resulted 

strictly correlated with CD137+ T cells (r=0.68, 95% CI=0.52-0.79, p=0.0001), and that 

represented more than the 50% of the CD137+ T cells (corresponding to 0.41%  0.39% of 

the total PBMC fraction). No association was found between the levels of CD4+CD137+ cell 

subset and the clinical response (Figure 1C). 

The frequency of CD137+ T cells was further investigated in cancer patients in regard to 

several clinical parameters, i.e., PS, number of metastasis, toxicity and previous therapies. 

Figure 1D shows the significant results obtained from this analysis. The percentage of 

CD137+ T cells was inversely associated with PS and the number of metastasis. Patients 

with PS=0-1 and with the number of metastasis ≤ 2 had a significantly higher level of 
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circulating CD137+ T cells, suggesting that a better clinical status is correlated with high 

levels of CD137+ T cells. The presence of toxicity and the administration of previous therapy 

seemed not to be associated with the frequency of CD137+ T cells (Supplementary Figure 

1C and 1D).                          

The presence of CD137+ T cells in the tumor microenvironment appears to be 

associated with a complete pathologic response to immunotherapy 

 To evaluate the expression pattern of CD137+ T cells in the tumor microenvironment, 

we analysed the tumor samples from three oligometastatic NSCLC patients (Figure 2) who 

underwent radical surgery to achieve the complete local control after immunotherapy 

treatment. Figure 2A shows the tumor area and surrounding lung parenchyma analysed in 

these three patients with a detailed histological examination of a tertiary lymphoid structure 

(TLS) characterized as shown in the Supplementary Figure 2. In Figure 2B the distribution 

of CD137+, CD8+ and CD4+ cells in these representative TLSs is shown.  Results 

demonstrated that the distribution of CD137+ T cells in the tumor microenvironment 

appeared to differ among patients in relation to the response to immunological treatment. 

Indeed, Patient 1 showed a complete pathological response with a high tumor regression 

grade. The tumor bed was characterized by proliferative fibrosis, neovascularization, and 

high numbers of tumor-infiltrating lymphocytes and TLSs. The representative TLS found 

around the tumor showed a high number of CD137+ and CD8+ cells suggesting the 

involvement of cytotoxic CD137+ cells in the elimination of tumor cells. Patient 2 showed a 

pathologic partial response with a small nest of residual cancer associated with proliferative 

fibrosis, necrosis, inflammatory infiltrates with foamy macrophages and occasional tertiary 

lymphoid follicles. TLS had a low infiltration of CD137+ and CD8+ T cells compared the 

patients 1. Patient 3 showed a very limited pathological response, with extensive residual 

neoplasia, classified as non-major pathological response (non-MPR). The residual tumor 

was characterized by the presence of sparse inflammatory infiltrates with rare TLSs. The 
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number of both CD137+ and CD8+ cells in the TLS was scarce. The amount of CD4+ T 

lymphocytes was similar in the three patients. Interestingly, the number of lymphocytes 

positive for both CD137 and CD8 within the inflammatory infiltrates was inversely related to 

the extent of pathological response, while CD4+ T cells seemed to not correlate with the 

response. Similar results were obtained analysing the tumor-infiltrating lymphocytes derived 

from two patients who suffered from cutaneous melanoma and HNSCC (Supplementary 

Figure 3) who were treated with immunotherapy and chemotherapy, respectively, before 

surgery. The melanoma patient showed a complete response and exhibit high levels of 

infiltrating CD137+ and CD8+ T cells in the tumor microenvironment. The HNSCC patient, 

with a pathological incomplete response (non-MPR), showed a low level of CD137+ and 

CD8+ T cells in the tumor bed. These data further suggested that the presence of CD137+ 

cells is strongly associated with tumor regression and with response to therapy 

independently by the type of treatment.                               

CD137+ T cells as a predictive and prognostic biomarker for progression-free survival 

and overall survival in anti-PD1 treated patients 

Clinical and biological parameters of cancer patients were further examined by 

univariate analysis (Figure 3 and Supplementary Table 1 and 2). This analysis showed that 

PS was a clinical parameter associated with an increased PFS (Supplementary Table 1) 

and OS (Supplementary Table 2). In particular, patients with PS=0-1 had a longer PFS 

(PS=0-1 vs. PS=2: median survival 8 months vs. 1,5 months) and OS (PS=0-1 vs. PS=2: 

median survival 15 months vs. 3 months) than patients scored as PS=2. Another clinical 

characteristic that showed a correlation with the OS was the patients’ gender (females vs. 

males) (Supplementary Table 2). Females appeared to have longer survival compared to 

males (females vs. males: median survival 26 months vs. 7 months) after the beginning of 

the anti-PD1 treatment. Moreover, patients with a percentage of circulating CD3+CD137+ 

and CD3+CD8+CD137+ cells higher than the median values (1.2% and 0.8%, respectively) 
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showed a prolonged PFS (Figure 3A) and OS (Figure 3B). Also, CD3+CD4+CD137+ cells 

were associated with a prolonged PFS (p=0.02), but not with OS (p=0.05). It is interesting 

to note that the overall percentage of CD8+T cells is not associated with an increase of the 

PFS (HR:0.63 95% CI:0.32-1.09; p=0.093) (Supplementary Figure 4A), demonstrating that 

this correlation is unique for CD3+CD8+CD137+ cells. On the contrary, high levels of total 

CD8+ T cells improved the OS of cancer patients (HR:0.53 95% CI:0.25-0.9; p=0.02) 

(Supplementary Figure 4B).  

The multivariate analysis revealed that a high level of CD3+CD8+CD137+ cells was 

an independent prognostic factor of PFS (Supplementary Table 2) and that the female 

gender, PS=0-1 and high levels of CD3+CD137+ cells were significantly associated with 

longer OS evaluated after the beginning of immunotherapy (Supplementary Table 3). These 

three prognostic factors were integrated into the dynamic prediction nomogram to evaluate 

the survival probability of cancer patients treated with immunotherapy at 1 and 2 years 

(Figure 3D). To use the nomogram, a vertical line needed to be delineated to the point raw 

to assign point values for each variable. Thereafter, the corresponding points were to be 

summed to obtain the total points. Finally, from the total points, a vertical line needed to be 

drawn to get the value of 1- or 2-year OS probability. The female sex corresponded to 0 

points, the PS=2 corresponded to 36 points, while the levels of %CD137+ T cells of 5 

corresponded to 37.5 points. The total point of 73.5 corresponded to a 1- and 2-year OS of 

about 0.8 (80%) and 0.6 (60%), respectively. It is interesting to note that a poor OS was 

observed when patients showed lower values of CD137+ cells. 

 The univariate analysis of clinical and biological parameters was also performed 

analysing the OS of cancer patients from tumor diagnosis (Figure 3C, Supplementary Table 

3). Confirming the results described above, PS=0-1, high levels of CD3+CD137+ and 

CD3+CD8+CD137+ cells characterized patients with longer survival. Moreover, at the 
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multivariate analysis, the high levels of CD3+CD137+ cells resulted as an independent 

protective factor for patients’ survival.  

Cancer patients with high levels of CD137+PD1+ T cells showed a longer OS 

PD1 molecule is a marker of activated T cells, but in the last years has also been 

identified as a marker for exhausted lymphocytes (27). Recently, it has been demonstrated 

that the expression of CD137 molecule plays a critical role in the discrimination of the 

activated and exhausted T cells identifying the CD137+PD1+ subset as the most functionally 

active T cells population (16). The PD1+ T cells were therefore, analysed for the expression 

of CD137 molecule in our cohort of cancer patients and in healthy donors and were 

correlated with clinical parameters as described before (Figure 4). The frequency of 

CD137+PD1+ T cells in healthy donors was significantly higher (7.7%+3.3%) compared to 

cancer patients (2.7%+2.3%) (Figure 4A). Moreover, the levels of CD137+PD1+ T cells were 

inversely associated with the number of metastases: patients with a low number of 

metastasis (<2) showed high levels of CD3+CD137+PD1+ (Figure 4B). However, when this 

population was analysed in regard to clinical response to anti-PD1 treatment, no significant 

differences between responders and non-responders were observed (Figure 4C). 

Analysing the frequency of CD3+CD137+PD1+ in regard to PFS and OS, high levels 

of CD3+CD137+PD1+ cells (>1.85%) were associated with a longer OS evaluated at tumor 

diagnosis (Figure 4D), but not with PFS (Supplementary figure 4C). OS calculated from the 

beginning of immunotherapy showed a trend between patients with a CD3+CD137+PD1+ 

frequency < 1.85% and > 1.85% (p=0.055), however, this difference was not statistically 

significant (Figure 4E).  

Moreover, to understand the abundance of CD137 expression in the different PD1+ 

T cell subsets and their correlation with clinical parameters, the frequency of 

CD8+CD137+PD1+ and CD4+CD137+PD1+ T cells was analysed. The levels of 

CD3+CD8+CD137+PD1+ (0.43%0.3%, corresponding to 0.16%  0.1% of the PBMC 

Research. 
on February 2, 2022. © 2022 American Association for Cancerclincancerres.aacrjournals.org Downloaded from 

Author manuscripts have been peer reviewed and accepted for publication but have not yet been edited. 
Author Manuscript Published OnlineFirst on January 3, 2022; DOI: 10.1158/1078-0432.CCR-21-2918 

http://clincancerres.aacrjournals.org/


 

 

 18 

fraction) and CD3+CD4+CD137+PD1+ (0.49%0.9%, corresponding to 0.2%  0.4% of the 

PBMC fraction) cells represent the 44% and 63% of the total CD3+CD8+CD137+ and 

CD3+CD4+CD137+, respectively. When these cellular subsets were analysed according to 

the response to anti-PD1 treatment, we observed that responder patients showed increased 

levels of CD3+CD8+CD137+PD1+ (0.59% 0.4%) compared to not-responders (0.34 0.28) 

(p=0.01), while no significant differences were obtained for CD3+CD4+CD137+PD1+ T cell 

subpopulation (R vs. NR: %0.68±1 vs. % 0.34±0.73%; p=0.09) (Figure 4F). These two 

population were also analysed in regard to PFS and OS, however, no significant correlation 

with the survival was obtained (CD3+CD8+CD137+PD1+cells, PFS: HR:1.52, 95% CI:0.87-

3.1, p=0.12; OS: HR:1.32, 95% CI:0.72-2.56, p=0.3; CD3+CD4+CD137+PD1+cells, PFS: HR: 

1.3, 95% CI: 0.69-2.56, p=0.3; OS: HR:1.2, 95% CI: 0.68-2.38, p=0.6). 

Finally, to evaluate whether the CD137 expression was enriched in activated CD8+ T 

cells, the activation status of this cellular subset was analysed by marking the CD8+CD137-

PD1+ and CD8+CD137+PD1+ T cells with the proliferation marker Ki67. As shown in Figure 

4G, the expression of Ki67 was significantly higher in CD8+CD137+PD1+ T cells population 

compared to CD8+CD137-PD1+(49.65%±16.86 vs. 38%±19.08 respectively; p=0.004), 

demonstrating that the CD137 marker mainly identified those lymphocytes with the higher 

proliferation capacity.                        

sCD137 is associated with poor survival 

Due to the negative role of sCD137 in the modulation of the immune response (15), 

the levels of this molecule were also analysed in the serum of cancer patients before the 

beginning of immunotherapy and were associated with survival. As expected, the sCD137 

did not correlate with CD137 expressed on the plasma membrane of T cells. Indeed, no 

correlation of sCD137 with CD137+ (r = -0.26, 95% CI: -0.53-0.05, p=0.09), CD8+CD137+ (r 

= -0.2, 95% CI: -0.47-0.41, p=0.09) and also with overall CD8+ (r = 0.1, 95% CI: -0.19-0.41, 

p=0.4) T cells was found. Patients with a serum concentration of sCD137 >158 pg/mL 
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showed a shorter PFS and OS calculated both before the beginning of immunotherapy and 

at tumor diagnosis (Figure 5 A, B, C, respectively), confirming the negative impact of this 

molecule on the clinical outcome. 

Validation of the prognostic role of CD137 in a prospectively collected cohort of 

cancer patients 

To validate the percentage of CD137+ T cells as a prognostic factor of survival, we 

analysed the blood samples derived from 43 cancer patients prospectively collected from 

an independent cohort of metastatic cancer patients (see Table 1 for the characteristics of 

the patients). The univariate analysis confirmed the association of CD137+T cells (cut-

off=1.2) with the OS (HR 8.26, 95% CI: 1.34-12.8; p=0.001) (Figure 6A), and with the OStot 

(HR 6.87, 95% CI: 1.13-11.24; p=0.02) (Supplementary Figure 5), revealing a favorable 

survival outcome for those patients with a percentage of CD137+T cell>1.2 before the 

beginning of immunotherapy. Moreover, also the frequency of CD8+CD137+ T cells (cut-

off=0.8%) found in the identification cohort was confirmed as prognostic factor of PFS (HR 

5.2, 95% CI: 1.02-10.59; p=0.04) (Figure 6B). 

Finally, the nomogram obtained in the identification cohort was used to evaluate the 

survival probability of cancer patients treated with immunotherapy of the validation group. 

The points assigned to each factor were the same used in the identification cohort 

(female/male: 0/28 points; PS=0,1/PS=2: 0/36 point; the levels of %CD137+ T cells of 5 

corresponded to 37.5 points). The nomogram score was assigned to each patient and 

plotted as a Kaplan-Mayer curve (Figure 6C). Patients with a score lower than the median 

value showed a poor survival (p=0.01), confirming the analysis carried out in the 

identification cohort. 
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DISCUSSION 

 
The wellness of the immune system we believe representing a novel key point to 

define the success of anti-cancer immunotherapy. The immune profile of each individual is 

the result of their own immune history such as lifestyle, the encounter with pathogens, age, 

gender, microbiota composition and several other factors including predisposing and 

heritable conditions (28). This complexity further increases in cancer patients. Each patient 

favors the expansion of specific cellular subsets concerning their disease mechanisms 

which influence the response to treatments. Moreover, the use of therapies that specifically 

target the immune system contributes to further modify the activation state of the immune 

cells, making the delicate balance between tumor and immune system even more complex 

(29). In this scenario, the identification of specific biomarkers able to define the wellness and 

activation state of cancer patients’ immunity could be a key point to better identify those 

patients more prone to receive beneficial effects from immunological treatments. 

In this work, we propose the CD137+ T cell subset as a driver of successful anti-tumor 

immunotherapy, demonstrating that this population could define the “quality” of the immune 

activation thus predicting the patients’ clinical outcome independently of tumor histotype, 

previous therapies, as well as toxicity. Indeed, we show that the frequency of CD137+ T 

cells, but also of CD3+ cells, is higher in healthy donors, and in those patients with a better 

clinical status, who presumably have a fully or less dysregulated active immune system. 

However, the CD137+ T cells seem to have a critical role in the response to anti-PD1 therapy 

compared to CD3+ cells because no differences in the frequency of CD3+ cells were 

observed between R and NR patients. These data are consistent with patients' survival: high 

levels of CD137+ T cells have been identified as an independent prognostic factor of survival, 

confirming that the expansion of this cellular subset represents a crucial point to obtain 

beneficial effects from immunotherapy. Interestingly, combining the levels of CD137+ T cells 
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with PS and patients’ gender in a nomogram analysis, it is possible to identify the profile of 

the patients who will benefit from immunotherapy in terms of survival. In particular, poor OS 

is observed when patients show low values of CD137+ cells. Moreover, the CD8+CD137+ 

subset seems to be the main T cell population involved in this balance resulting as an 

independent prognostic factor of PFS. The importance of this cellular subset is further 

highlighted by the analysis carried out on the frequency of the overall CD8 population. 

Indeed, no association between the overall CD8+ T cells and the PFS was found, 

demonstrating the unique involvement of CD8+CD137+ cells in the induction of an effective 

anti-tumor immune response. In this scenario, also the CD4+CD137+ cells influence the 

patients’ survival, suggesting the critical role of this cellular subset in maintaining the 

cytotoxic response against tumor. However, although their impact on the patients’ survival, 

the levels of CD4+CD137+ T cells were not associated with the response.  

In line with our results, several studies underlined the main involvement of the CD8+CD137+ 

population compared to the CD4+CD137+ subset. The circulating CD137+ T cell subset has 

been identified as a biomarker to predict early relapse and clinical response in mRCC 

patients (19,30), and the maintenance of high levels of CD8+CD137+ T cells were also 

associated with the duration of the response in the same setting of patients (19). In stage III 

metastatic melanoma, CD137 on circulating CD8+ lymphocytes correlated with the disease-

free status (31). These evidence are supported by in vivo administration of anti-CD137 

agonistic antibodies that promote the expansion of CD8+ T cells in several diseases 

including cancer (32,33). In the tumor setting, these therapies positively correlated to clinical 

outcomes and have shown beneficial effects on the tumor, increasing the frequency of the 

anti-tumor specific memory T cells that confer a long-lasting anti-tumor immune response 

and protection (34). Interestingly, these therapies enhance the recruitment of specific 

lymphocytes in the tumor microenvironment and positively act on the immunosuppression 

by reducing the proliferation of Treg and myeloid-derived suppressor cells (35,36) making 
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cancer patients more prone to receive immunotherapy. All these studies confirm the 

hypothesis that the frequency of CD137 represents a key point to obtain an efficacious anti-

tumor immune response. The combination of CD137 targeting drugs with other strategies 

targeting the immunosuppression (that also dampens the CD137+ T cells) may represent 

innovative and successful approaches for future immunotherapies. 

We then analysed the frequency of these cells also in the tumor microenvironment, 

observing the distribution of CD137+ T cells in the TLSs that surround the tumor of three 

NSCLC patients who reached a different clinical outcome. The TLSs represent the first sites 

of T cell priming for the induction of an anti-tumor response and in cancer patients are often 

associated with a good prognosis (37). Our results show that only the patient with a complete 

tumor response has high levels of CD137+ and CD8+T cells in TLS, confirming the 

hypothesis that the intensity of the anti-tumor immune response is strictly correlated with the 

amount of CD137+ T cells in the tumor bed. The three NSCLC patients described in this work 

represent a proof of concept and strongly sustain the idea that CD137 molecule identifies 

the cells with a real anti-tumor reactivity. Several studies have analysed the distribution of 

CD137 in the tumor milieu (18) and have identified the CD137 molecule as a biomarker to 

detect and isolate the full repertoire of tumor-specific CD8 T cells distributed in the tumor 

site. These infiltrating cells have become the ideal candidates for adoptive T cell therapies 

because can be easily isolated and expanded, opening novel prospective for the 

optimization of these therapeutic and innovative interventions (25,38).  

CD137+ T cells have been also analysed for the expression of PD1 molecule. The 

CD137+PD1+ and CD8+CD137+PD1+ subsets were associated with the response to anti-

PD1 therapy, and with a longer OS. Moreover, CD8+CD137+PD1+ showed a higher 

proliferation capacity when compared to CD8+CD137-PD1+ cells, demonstrating the 

existence of several T cell populations with different levels of activation based on the 

expression of CD137 and PD1 markers. Several studies demonstrated that the co-
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expression of these two molecules identifies those lymphocytes that exhibit a higher tumor 

reactivity (18) suggesting the critical role of CD137 markers in determining the activation 

state of T cells. In particular, in the hepatocarcinoma, CD137+PD1high T cells show a 

transcriptomic profile correlated with a T cell activation and a high proliferative capacity. In 

ovarian cancer, CD137+ infiltrating T cells can secrete high levels of IFN upon stimulation 

independently by the expression of PD1 molecule. It is conceivable to believe that treatment 

with anti-PD1 drugs relies on this subset of T cells for their maximal efficacy, opening new 

possible combinatory strategies based on the degree of pre-existing T cell activation state. 

Another important parameter evaluated in this study is the concentration of the 

soluble form of CD137.  High levels of this circulating released molecule was associated 

with a short PFS and OS in our cohort of cancer patients, but no correlation was found 

between sCD137 and several CD137+ T cell subsets. This is an immunoinhibitory molecule 

produced by overactivated immune cells, including regulatory T cells, and transformed cells 

that allow a faster tumor progression in vivo (15). Under hypoxia conditions, several cancer 

cell lines release high levels of this molecule independently by the expression of the 

membrane-bound CD137, suggesting its beneficial effect for cancer survival. The cross-

linking between sCD137 and CD137 agonists neutralizes the activities of both molecules 

decreasing the levels of sCD137 and dampening the activation capacity of the anti-CD137 

antibody (39). Both mechanisms contribute to the success of CD137 agonist treatment in 

mouse models and should be considered for designing more effective treatments. 

This study identified and validated the role of CD137+ T cells as a biomarker of 

immune wellness able to predict the success of anti-cancer immunotherapy. These results 

can be considered of particular interest because could be used by the oncologists to predict 

the clinical outcome of cancer patients and to monitor the response to immunological 

treatments. Considering the off-target effects of several drugs used in this setting of patients, 
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further studies need to be considered to evaluate the role of CD137+ T cells as a prognostic 

factor in those patients undergoing non-immunological-based therapies.   
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Table 1:Clinical and biological characteristics of cancer patients 

Clinical parameters Identification cohort Validation cohort 

  (n°patients/%) (n°patients/%) 

Total 66 43 

Tumor:     

NSCLC 34 (52) 17 (40) 

RCC 8 (12) 0 (0) 

HNSCC 10 (15) 26 (60) 

UM 14 (21) 0 (0) 

Age:     

< 64 year 32 (48) 17 (40) 

> 64 year 34 (52) 26 (60) 

Gender:     

female 27 (41) 8 (19) 

male 39 (59) 35 (61) 

Performance status before ICIs:     

0 33 (50) 21 (49) 

1 25 (38) 14 (32) 

2 8 (12) 8 (19) 

N° metastasis before ICIs:     

<2 46 (70) 34 (21) 

>2 20 (30) 9 (79) 

Toxicity:     

No 37 (56) 14 (32) 

Yes 29 (44) 29 (68) 

Previous therapies:     

No 18 (27) 38 (88) 

Yes 48 (73) 5 (12) 

Response to ICIs:     

No 32 (48) 18 (41) 
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Yes 34 (52) 15 (35) 

NE 0 (0) 10 (24) 

Biological parameters Median (range) 

%CD3CD137 cells 1.2 (0.1-7.4) 1.07 (0.15-3.47) 

%CD3CD8CD137 cells 0.8 (0.1-2.9) 0.53 (0.076- 1.91) 

%CD3CD4CD137 cells 0.2 (0.04-6.1) 0.51 (0.04-2.03) 

%PD1CD137 cells 1.85 (0.2-9.9) 0.69 (0.1-2) 

soluble CD137 158 pg/mL (6-16636) ND 

ND: Not determined; NA: Not applicable  
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Legend to Figures: 
 
Figure 1: The high frequency of CD137+T cells correlates with the response to treatments 

and with clinical parameters. A) The scattered dot plot represents the percentage values of 

circulating CD3+CD137+cells evaluated by cytofluorimetry in 20 healthy donors (HD) and 66 

cancer patients (Cancer) + standard deviation (SD). The scattered plots show the 

percentage of circulating CD3+CD137+cells (B), CD3+CD8+CD137+cells and 

CD3+CD4+CD137+cells (C) in responder (R) and non-responder (NR) patients to anti-PD1 

treatment + SD. D) Tukey’s box plots represent the median distribution of CD3+CD137+cells 

according to performance status (PS) and number of metastasis (n°met) + the lowest and 

the largest data point excluding any outlier. Unpaired Student’t test was used to compare 

the different groups. p values<0.05 were considered significant.  

Figure 2: Paraffine tumor slides derived from three NSCLC patients with different responses 

to anti-PD1 treatment. A) Patient 1 (first column): Pathologic complete response with diffuse 

proliferative fibrosis, calcifications, cholesterol clefts and intense inflammatory infiltrates with 

several tertiary lymphoid follicles (arrows, insert); Patient 2 (second column): pathologic 

partial response with a small nest of residual cancer (left) associated with proliferative 

fibrosis, necrosis, inflammatory infiltrates with foamy macrophages and occasional tertiary 

lymphoid follicles (arrows, insert); Patient 3: Absence of pathologic response: scanty 

interstitial inflammatory infiltrates and rare tertiary lymphoid follicles within neoplasia 

(arrows, insert). Original magnification 1x. B) Patient 1: tertiary lymphoid follicles from a lung 

cancer sample with pathological complete response show a high number of lymphocytes 

positive for both CD137 and CD8. A small number of CD4+ T lymphocytes is also present; 

Patients 2: tertiary lymphoid follicles from a lung cancer sample with pathological partial 

response show a lower number of lymphocytes positive for both CD137 and CD8 as 

compared to case 1 while the amount of CD4+ T lymphocytes is higher; Patients 3: tertiary 

lymphoid follicles from a lung cancer sample with absence pathological response (non-major 
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pathological response) show only scanty lymphocytes positive for both CD137 and CD8 

while the amount of CD4+ T lymphocytes is similar to case 1. Original magnification 4X. 

Figure 3: Kaplan Mayer curves of PFS after anti-PD1 treatment (A) and OS evaluated at 

the beginning of anti-PD1 treatment (OS) (B) and at diagnosis (OStot) (C) analysed 

considering the median values of the percentage of circulating CD3+CD137+ (1.2%), 

CD3+CD8+CD137+ (0.8%), and CD3+CD4+CD137+ (0.2%), cells. Log-rank test was used to 

compare survival between the two groups. ms=months; D) Prognostic nomogram of OS 

probability at 1 and 2 years in metastatic cancer patients treated with anti-PD1. p<0.05 were 

considered significant.                    

Figure 4: High levels of CD137+PD1+ T cells correlate with a better clinical status and 

survival. A) The scattered dot plot represents the percentage values of circulating 

CD137+PD1+ T cells evaluated in 20 healthy donors (HD) and 66 cancer patients (Cancer)+ 

standard deviation (SD) by cytofluorimetry. The values of CD137+PD1+ cells were calculated 

gating on CD3+PD1+ cells. B) The tukey’s box plots represent the median distribution of 

CD137+PD1+ T cells according to the number of metastasis (n°met) + the lowest and the 

largest data point excluding any outliers.  C) The scattered dot plot shows the percentage 

of CD137+PD1+ T cells in responders (R) and non-responders (NR) patients. Unpaired 

Student’t test was used to compare the different groups D) Kaplan Mayer curves of OS 

evaluated at diagnosis (OStot) considering the median value of the percentage of 

CD137+PD1+ T cells (1.85%). E) Kaplan Mayer curves of OS evaluated from the beginning 

of immunotherapy (OS). F) The scattered plots show the percentage of circulating 

CD3+CD8+CD137+PD1+ and CD3+CD4+CD137+PD1+ cells in responder (R) and non-

responder (NR) patients to anti-PD1 treatment. G) Percentage of Ki67 expression on 

CD8+CD137-PD1+ T cells and CD8+CD137+PD1+ T cells. p values <0.05 were considered 

significant. ms= months; ND=not yet defined. 
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Figure 5: Low concentration of sCD137 is correlated with a better survival. Kaplan Mayer 

curves of PFS after anti-PD1 treatment (A) and Overall Survival evaluated at the beginning 

of anti-PD1 treatment (OS) (B) and at diagnosis (OStot) (C) calculated considering the 

concentration median values of sCD137 (158 pg/mL). Log-rank tests were used to compare 

survival between two groups. p values<0.05 were considered significant. ms=months. 

Figure 6: CD137 was validated as prognostic factor to survival. A) Kaplan Mayer curve of 

OS after anti-PD1 treatment calculated in the validation cohort considering the median 

percentage of CD137 (1.2%). B) Kaplan Mayer curve of PFS after anti-PD1 treatment 

calculated in the validation cohort considering the median percentage of CD8+CD137+ T 

cells (0.8%). C) Kaplan Mayer curve of OS evaluated in the validation cohort using the 

median score of 114.3 obtained assigning to each patient belonging to the validation group 

the nomogram score used in the identification cohort. Log-rank tests were used to compare 

survival between two groups. p values<0.05 were considered significant. ms=months; ND= 

not determined. 
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