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Summary. Background: In clinical trials with immunotherapy, histological features such as tumor-infiltrating 
lymphocytes (TILs) are investigated as potential predictive biomarkers, with the limit of an outdated pa-
rameter for a typically dynamic element. Methods: This explorative study compared, in metastatic renal cell 
carcinoma (mRCC) patients, basal pathological data about TILs on diagnostic histological specimens with 
circulating lymphocyte subpopulations measured before and during therapy with nivolumab. Results: Of 11 
mRCC patients, 5 had low presence of TILs (L-TILs), 3 moderate amount (M-TILs) and 3 high number (H-
TILs). Overall, 8 patients had low intratumoral pathological CD4+/CD8+ ratio (LIPR) ≤1 and 3 cases high 
intratumoral pathological ratio (HIPR) ≥2. Of 8 patients with LIPR, only 2 matched with low circulating 
CD4+/CD8+ ratio (LCR) ≤1; 5 had high circulating ratio (HCR) ≥2. All 3 cases with HIPR (≥2) conversely 
had LCR (≤1). Circulating CD4+/CD8+ ratio remained unchanged during therapy (mean -0.12 in 8 weeks). 
The respective percentage values of CD4+ and CD8+ circulating T cells also remained stable (variation 0%); 
the absolute value of CD4+ was more likely to increase (mean +46.3/mm3); the level of CD8+ tended to 
slightly decrease (mean -6.5/mm3). No correlation of lymphocyte subpopulations with treatment outcome 
was found. Of note, we did not evidence correspondence between histopathological and circulating findings 
in terms of T-lymphocyte subpopulations, also suggesting the inconsistency of circulating data in terms of 
relative variations. Conclusions: Considering the likely high dynamism of TILs, rebiopsy before therapy might 
be proposed to assess the utility of TILs characterization for predictive purpose. (www.actabiomedica.it)
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O r i g i n a l  a r t i c l e

Background

The characterization of the tumor microenviron-
ment is progressively acquiring the right crucial role 
for the strategy of harnessing the immune system to 
fight cancer. The mechanisms of immune escape are fi-
nally investigated, identified and described as strongly 
related to this complex and dynamic element (1).

One of the approaches attempted for the tumor 
microenvironment investigations is constituted by the 
characterization of tumor infiltrating lymphocytes 
(TILs), a possible manifestation of antitumor immu-
nity. As a rule, the prognostic significance of abun-
dant TILs has a positive connotation, representing 
the manifestation of antitumor immunity (particularly 
CD8+ T cells), as historically known and extensively 
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demonstrated for melanoma, breast and lung cancer 
(2-4).

Nevertheless, previous data in human renal cell 
carcinoma (RCC) suggest that infiltration of tumor 
tissue by T cells itself does not denote the efficacy of 
antitumor immunity, because it may be related to the 
the biological malignancy of tumor cells.

From a clinicopathological analysis of the bio-
logical significance of TILs in 221 cases of surgically 
resected RCC, Nakano et al demonstrated a correla-
tion between abundant infiltration of tumor tissue, not 
only by CD8+ but also by CD4+ T cells, and a shorter 
survival of the patients. It was due to a positive corre-
lation between the number of lymphocytes and repre-
sentative tumor grade factors, thus suggesting that im-
mune cell reactions are more pronounced as the tumor 
biological malignancy progresses, probably because of 
increased antigenicity of tumor cells (5).

Some features of TILs in terms of quality and 
quantity (immunohistochemistry with count and sub-
populations) have been related to prognostic or pre-
dictive characteristics. For instance, in renal cell car-
cinoma (RCC) high density CD4+ T-cell infiltrate is 
associated with unfavorable tumor characteristics and 
poor prognosis (6-7). Moreover, also the relative ra-
tios of the various TILs subpopulations deserve to be 
evaluated.

Only few studies correlated the basal features of 
TILs with the dynamic circulating T cells counterpart.

Such comparison was performed by Asma et al on 
CD4+ regulatory T cells (T-reg), which intratumoral 
and circulating subpopulations have been respectively 
investigated, with the further interesting comparison 
of circulating T-reg of healty donors (8). The investi-
gators demonstrated that the proportion of T-reg in 
TILs was, in average, like that found in circulating 
CD4+ T cells of patients or healthy donors.

A similar but more detailed investigation was 
conducted in a very recent study by Giraldo et al, pro-
viding a multiparametric flow cytometric immunophe-
notypic analysis of TILs (defined as T cells isolated 
from tumor tissue), of T cells adjacent non-malignant 
renal tissue (defined as renal-infiltrating lymphocytes, 
RILs) and of peripheral blood lymphocytes (PBL), in 
a cohort of 40 patients with localized RCC (9). On 
the basis of TILs phenotypic characterization, they 

identified three dominant immune profiles in local-
ized RCC, respectively called “immune-regulated” in 
inflamed tumors (22%), characterized by polyclonal/
poorly cytotoxic CD8+/PD-1+/Tim-3+/Lag-3+ TILs 
and CD4+/ICOS+ cells with a T-reg phenotype 
(CD25+/CD127-/Foxp3+/Helios+/GITR+), highly 
PD-L1 positive; “immune activated” (22%) enriched 
in oligoclonal/cytotoxic CD8+/PD-1+/Tim-3+ TILs; 
and “immune silent” (56%), enriched in TILs exhib-
iting RIL-like phenotype. Only immune-regulated 
tumors resulted to have aggressive histologic features, 
high risk of disease progression after nephrectomy 
and a CD8+/PD-1+/Tim-3+ and CD4+/ICOS+ PBL 
phenotypic signature. According to the results of this 
study, in localized RCC, the infiltration with CD8+/
PD-1+/Tim-3+/Lag-3+ exhausted TILs and ICOS+ 
T-reg identifies the patients with poor prognosis who 
could potentially benefit from adjuvant therapy with 
checkpoint blockade (9).

In clinical trials with immune-checkpoint inhibi-
tors (CKI) in metastatic RCC (mRCC), histological 
features such as TILs in the primary tumor are inves-
tigated as potential predictive biomarkers, with the 
possible limit of an outdated parameter for a typically 
dynamic element.

Up today, no studies with the paired analysis of 
tumor infiltrating and circulating lymphocytes sub-
populations in renal cancer patients in relation to the 
new immunotherapy with CKI have been published 
and any biomarker has been identified to predict re-
sponse to nivolumab in such population.

Materials and methods

This explorative study compared, in consecutive 
mRCC patients treated with nivolumab, basal path-
ological data about TILs on diagnostic histological 
specimens from nephrectomies with circulating lym-
phocyte subpopulations, evaluated before and during 
therapy, considering both quantitative and qualitative 
features, with the primary aim to assess their concord-
ance. Furthermore, a possible correlation of such fea-
tures with treatment outcome was explored, assessing 
the treatment outcome in terms of objective responses 
through the complete, blinded radiologic revision of 
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basal computed tomography (CT) scans and of at least 
two subsequent CT scans assessment during treatment 
with nivolumab. The revision was performed by three 
radiologists, with at least two of them independently 
revising each exam, according both to the standard 
RECIST 1.1 and to the immune-related RECIST 
(iRECIST) (10-11).

For the pathologic analysis, we assessed at least 
3 slides with well-preserved neoplastic tissue per each 
tumor sample. The slides were stained with hema-
toxylin and eosin for conventional evaluation, too. For 
the assessment of TILs, of CD8+ and CD4+ cells, we 
considered both qualitative and quantitative param-
eter. The presence of TILs was evaluated as “absent”, 
“low”, “moderate”, or “high”, with both intratumoral 
and peritumoral assessment. The presence of CD4+ 
and CD8+ cells and CD4+/CD8+ ratio was also evalu-
ated in both sites. Immuno-histochemical staining of 
formalin fixed, paraffin-embedded, tissue sections was 
performed on all samples. After deparaffinization and 
rehydratation sections were treated with 3% hydrogen 
peroxidase for 5 mins. For antigen retrieval, sections 
were treated with pH9 Tris-EDTA buffer for 30 mins 
in water-bath at 98°C. Sections were stained with the 
following primary antibodies: CD4 (Roche; diluition 
ready to use), CD8 (Roche; diluition ready to use). The 
sections were immunostained with a polymeric sys-
tem Ultraview DaB Detection Kit (Ventana-Roche) 
in accordance with the manufacture›s specifications.  
Diaminobenzidine (DAB) was used for staining de-
velopment and the sections were counterstained with 
haematoxylin. Negative controls consisted of substi-
tuting normal serum for the primary antibody.

Results

Eleven mRCC patients consecutively treated with 
nivolumab in second or subsequent lines at our institu-
tion were included in this analysis. Table 1 shows pa-
tients’ characteristics.

Our histopathological results demonstrated a het-
erogeneous expression of TILs, including CD4+ and 
CD8+ T cells. The heterogeneity was both inter-pa-
tient and intra-patient, with several cases of discordant 
CD4+/CD8+ ratio and different presence of immune 

infiltration among peritumoral and intratumoral tis-
sue.

Of 11 patients included, the intratumoral analysis 
identified 5 cases with low presence of TILs, 2 with 

Table 1

Sex
male 7 (64%)
female 4 (36%)

Age
mean 80
range 56 83

Histology
clear-cell carcinoma 5 (45%)
mixed (clear/non-clear) 3 (27%)
chromophobe 2 (18%)
papillary 1 (10%)

ECOG PS
0 9 (82%)
1 2 (18%)
≥2 0 (0%)

MSKCC risk group
poor 0 (0%)
intermediate 7 (64%)
good 4 (36%)

IMDC risk group
poor 0 (0%)
intermediate 6 (64%)
good 4 (36%)

Treatment line with Nivolumab
second 7 (58%)
third2 (18%)
further lines (4th or subsequent) 2 (17%)

Previous treatment received
(immediately before Nivolumab)
Pazopanib 3 (27%)
Sunitinib 5 (45%)
Everolimus 1 (9%)
Axitinib 1 (9%)
Sorafenib 1 (9%)

Nephrectomy 
yes 10 (91%)
no 1 (9%) 

PS=performance status; MSKCC=Memorian Sloan Kettering 
Cancer Center; IMDC=International Metastatic Renal Cell 
Carinoma Database Consortium
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moderate amount and 4 with high number of lympho-
cytes.

Overall, 9 patients had low intratumoral patho-
logical CD4+/CD8+ ratio (≤1) and 2 cases had high 
intratumoral pathological CD4+/CD8+ ratio (≥2). Of 
9 patients with the low pathological ratio, only 3 cases 
matched with low circulating CD4+/CD8+ ratio (≤1), 
whilst 5 cases had high circulating CD4+/CD8+ ratio 
(≥2). One case was undetermined (not evaluable). The 
2 cases with high pathological ratio (≥2) conversely 
had low circulating ratio (≤1).

Unexpectedly, independently from the clinical 
outcome, circulating CD4+/CD8+ ratio remained 
unchanged during therapy with CKI in each patient, 
maintaining about the same value after 8 weeks (mean 
+0.18). The respective percentage values of CD4+ and 
CD8+ circulating T cells also remained stable during 
treatment (mean variation 0%); the absolute value of 
CD4+ was more likely to increase (mean gain +100.6/
mm3); the level of CD8+ tended to decrease (mean 
loss -30.6/mm3).

Interestingly, several cases (3) of opposite findings 
among intratumoral and peritumoral lymphocytes 
presence and differences in terms of CD4+/CD8+ ra-
tio were found (Table 2).

With the limit of a small sample size, no clear 
correlation of either tissue or circulating lymphocyte 
subpopulations with treatment outcome was found. 
In our group, only one patient had partial response; 
the disease control rate was 45%; 6 patients (the ma-
jority, 54.5%) were primary refractory to nivolumab, 
confirmed at the second radiologic assessment dur-
ing therapy. Interestingly, a complete concordance 
of responses was found between RECIST 1.1. and 
iRECIST in these 11 cases, with the limit of having 
stopped such radiologic comparison at the second CT 
scan after the basal one.

Discussion

Before sinking into the exquisite scientific digres-
sions on the T cell-mediated immune microenviron-
ment emerged by our study, we should disclose that 
some particular features, mainly due to a selection 
bias from retrospective nature and small sample size, 
emerged in this population and should be considered 
to not misinterpret our findings.

First, the mean age of our population was of 80 
years, with a range of 56-83. Despite not completely 

Table 2

Case number Intratumoral Intratumoral Peritumoral- Peritumoral Baseline Circulating Treatment
 TILs CD4+/CD8+  infiltrating CD4+/CD8+  circulating CD4+/CD8+  response
  ratio lymphocytes ratio CD4+/CD8+  ratio after according to
     ratio therapy irRECIST

Case N. 6954 Low 1:2 Low 1:3 2.5 3 PD (progression
       of disease)

Case N. 8205 High 1:3 High 3:1 3.5 4.9 PR (Partial
       response)

Case N. 10622 Low 2:1 High 1:2 1 0.9 SD (stable disease)

Case N. 15859 Moderate 1:2 Moderate 1:2 0.9 NE (not evaluated) PD

Case N. 18659 Low 1:2 High 1:2 1.1 1.1 PD

Case N. 7985 Low only CD8+ Moderate 1:2 2.7 2.2 SD

Case N. 2011 High 1:3 Moderate 1:2 NE NE PD

Case N. 274 Moderate 1:3 Moderate 1:2 2.8 2.4 PD

Case N. 5007 High 1:2 High 1:2 0.5 0.4 PD

Case N. 552 High 1:2 High 1:3 2.5 3.8 SD

Case N. 25620 Low 2:1 Low 1:2 0.3 0.4 SD
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representing the elderly, this element should be taken 
in account because of the possible “exhausting effect” 
of the age on the immune system. Concerning the 
treatment outcome, a lesser degree of benefit in terms 
of overall survival was seen for the elderly in the piv-
otal trial CheckMate025, particularly among patients 
aged 75 years, with a trend that appeared to favor the 
comparator used in the control arm (12). This evidence 
could provide a justification for the scarce outcome 
achieved in our group (best responses according to 
immune-related RECIST are shown in Table 2).

Second, much of cases had non-clear cell histol-
ogy (55%): it is still largely unknown if the microenvi-
ronment of clear-cell RCC differs from those of rarer 
histologies such as papillary, chromophobe or mixed 
tumors, all represented in our sample. Further, the same 
type of immune microenvironment might acquire dif-
ferent meaning and opposite prognostic value in cases 
with different histologic subtype. Up today, no data on 
non-clear cell histologies treated with CKI have been 
reported, confounding the interpretation of the present 
study also concerning the treatment outcome.

Third, 64% of patients were classified as inter-
mediate risk both per MSKCC and IMDC criteria, 
increasing the “average risk level” of the entire popula-
tion, with an unavoidable negative prognostic impact.

These unusual aspects should be considered, sug-
gesting a reflection about the possibility that response 
to immunotherapy can mainly depend on age and clin-
ical conditions.

The most unexpected but also the most interest-
ing findings of our analysis are represented by three 
key concepts: the lack of correlation between tissue 
and circulating lymphocyte subpopulations; the op-
posite findings among intratumoral and peritumoral 
T cell infiltrate; the lack of variation of the circulat-
ing CD4+/CD8+ ratio during therapy. A further gold 
concept, here confirmed but already well known by the 
literature concerning this cancer type (13), is repre-
sented by the inter-patient and intra-patient hetero-
geneity.

Analyzing the cited issues, the first key element 
of the lack of correlation between tissue and circulat-
ing lymphocyte subpopulations may confirm that the 
treatment choice should not be based on the evaluation 
of the immune microenvironment of the primary tu-

mor, as instead it was done in clinical trials with CKI, 
selecting or stratifying patients basing on the primary 
programmed-death ligand 1 (PD-L1) expression. Our 
experience once again suggests to carefully consider 
the risk of basing the patients’ selection for immuno-
therapy trials on an outdated parameter (the primary 
tumor analysis) for the evaluation of a typically dy-
namic element (the immune microenvironment).

The specular results in some cases obtained when 
comparing intratumoral and peritumoral T cell sub-
populations might cast the doubt that the same T cell 
population plays a different role in the two sites and 
that, conversely, the same role is played respectively in 
the two compartments by two different T cell types. 
Not surprisingly in the light of our current results, in 
the already cited study by Asma et al, despite a similar 
average proportion of T-reg in circulating and infiltrat-
ing component from a quantitative point of view, in-
tratumoral T-reg exhibited a marked different pheno-
type when compared with the autologous circulating 
T-reg. Intratumoral T-reg showed a higher inhibitory 
function on autologous CD4+/CD25- T cells when 
compared with circulating T-reg. Despite comparing 
different districts, in this case the same T cell plays dif-
ferent roles based on the site where it is located.

Eventually, about the unexpected lack of variation 
of the circulating CD4+/CD8+ ratio during therapy, 
the reason in our case could be provided by the possi-
ble immunosenescence of our population. Immunose-
nescence is generally defined as age-related changes to 
the immune system that result in increased suscepti-
bility to infectious diseases and a decreased response 
to vaccination. Several demonstrations of this issue 
have been reported, among others the evidence that 
the proliferative response of T cells from older adults 
after vaccination against hepatitis B is diminished, or 
the age-related decline in toll like receptor-induced 
expression of the CD80 costimulatory molecule that 
is associated with a decrease in humoral immunity to 
influenza vaccine; or moreover the decline in the fre-
quency of influenza-specific CD4+ memory T-cells, 
and the decreased cytolytic properties CD8+ effector 
and effector memory cells in response to influenza vac-
cine in older subjects (14).

Despite the general expectancy of a better out-
come in the case of CD8+ abundance and of a possible 
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negative prognostic impact of the CD4+ prevalence, 
in our population neither CD4+ nor CD8+ prevalence 
in any site did not seem to have a predictive role (the 
peritumoral/intratumoral pattern and the ratio were 
heterogeneous both in responders and refractory cas-
es).  The role of cytotoxic CD8+ TILs in the setting of 
RCC is still controversial, with conflicting results ac-
cording to different studies (5, 9, 15-18), maybe due to 
technical factors, including antibodies and techniques 
used to detect CD8+ T-cells (immunohistochemis-
try versus flow cytometry) and tumor site examined 
(peritumoral versus intratumoral TILs). Of most rel-
evance was the ability of previous studies to differenti-
ate between the effector cytotoxic CD8+ T cells and 
their exhausted counterparts, expressing high levels 
of immune checkpoint molecules in a dysfunctional 
immune environment. When dichotomized in such a 
way, Giraldo et al clearly demonstrated good progno-
sis with the former CD8+ T-cell population, and poor 
prognosis with the latter (9). Similarly, Nakano et al 
showed that TILs with high CD8+ T-cell content that 
exhibited high proliferative activity were associated 
with improved survival among patients with mRCC 
(5). Unfortunately, we were unable to distinguish be-
tween these two T-cell subpopulations.

Concerning CD4+ component, despite the well-
known prevalence of the role CD8+ effector T cells in 
the antitumor immunity, recent evidence also demon-
strated the existence of CD4+ T-cell-mediated anti-
tumor immunity, with signatures of heterogeneous T-
cell expansion in CD4+ TILs repertoire (19). In our 
sample, the previously discussed negative prognostic 
impact of CD4+ TILs abundance did not emerge.

A further element to be considered is represented 
by previous treatments, which undoubtedly modulated 
the immune microenvironment, potentially becoming 
responsible of a different subsequent outcome of im-
munotherapy. For instance, considering the two stand-
ard tyrosine kinase inhibitors used in first line setting 
for mRCC treatment, it has been demonstrated that 
pazopanib appears to function as a potent activator of 
dendritic cells in vitro and in vivo associated with the 
neo-activation of a CD137+ T cell population (20), 
whilst sunitinib seems to promote TILs expansion 
by reducing intratumoral content of myeloid-derived 
suppressor cells (21).

In our population, previous drugs were collected 
(see Table 1) but no relationship of this element has 
been found with the T cell immune pattern or TILs 
presence, despite the trend of a more favorable clinical 
outcome for pazopanib-pretreated patients (the only 
partial response received prior pazopanib and any pa-
tient pretreated with this drug was primary refractory).

The main limit of our analysis is represented by 
the small sample size. Another limitation is represent-
ed by the missed identification of T-reg, maybe result-
ing in masking the real prognostic or predictive effect 
of the other respective subpopulations.

Considering these important limits, this study 
did not evidence significant correspondence between 
histopathological and circulating findings in terms of 
T-lymphocyte subpopulations in mRCC patients un-
dergoing treatment with CKI, also suggesting the in-
consistency of circulating data in terms of relative vari-
ations. Moreover, heterogeneity concerning immune 
infiltrate and the often opposite results for intratumor-
al and peritumoral subpopulations can invalidate the 
research of a clear relationship between pathological 
and circulating data.

Considering the likely high dynamism of TILs, 
rebiopsy before CKI therapy might be the most reli-
able way to assess the utility of TILs characterization 
for predictive purpose.
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