
Abstract. Background/Aim: The anticancer immune response
has been reported to contribute to the success of chemotherapy.
The aim of this study was to evaluate the significance of the
measurement of tumor-infiltrating lymphocytes (TILs) in the
primary tumor using the method proposed by the International
TILs Working Group as a prognostic marker of
chemotherapeutic outcomes in patients with stage IV colorectal
cancer (CRC). Patients and Methods: A total of 57 patients
with stage IV CRC who underwent palliative chemotherapy
after resection of the primary tumor were enrolled.
Hematoxylin and eosin (H-E)-stained tumor sections were used
for the evaluation of TILs. The density of TILs was assessed by
measuring the area occupied by mononuclear inflammatory
cells over the total stromal area at the invasive margin.
Immunohistochemistry for CD8 was also performed, and the
number of immunoreactive cytotoxic T-lymphocytes (CTLs) at
the invasive margin was counted. Results: Thirty patients were
classified into the high-TILs group, and 27 patients were
classified into the low-TILs group. The high-TILs group had a
significantly higher chemotherapeutic response rate (79.3% vs.
48.1%, p=0.025) and better progression-free survival (median
survival time: 10.1 m vs. 7.3 m, p=0.0133) than the low-TILs
group. Furthermore, the high-TILs group had a significantly
better overall survival than the low-TILs group (median
survival time: 35.5 m vs. 22.4 m, p=0.0221). The density of
TILs evaluated using the H-E-stained sections showed a strong
association with the number of CTLs (p<0.001). Conclusion:

The measurement of TILs in the primary tumor using the
method proposed by the International TILs Working Group can
be used as a prognostic marker of the clinical effectiveness of
palliative chemotherapy in patients with stage IV CRC.

Colorectal cancer (CRC) is one of the most common causes of
cancer-related death worldwide (1). About 20-25% of patients
with newly diagnosed CRC present with distant metastases (2-
4), and only a small population of these patients can undergo
curative operation (5). For patients with unresectable metastatic
tumors, the standard treatment is systemic chemotherapy. As
mentioned in the ESMO clinical practice guidelines (4), an
individualized approach to clinical decision-making should be
adopted according to the patient’s stratification. Therefore,
numerous attempts have been made to identify useful prognostic
markers for accurate patient stratification.

Anticancer immunity is known to affect cancer progression
(6). Tumor-infiltrating lymphocytes (TILs), which reflect the
immune status of the host (7), have been reported to correlate
with the clinical outcome, including the chemotherapeutic
outcome in patients with various types of cancer (8-10).
However, the method of measuring TILs has differed among
previous reports (11-15). Recently, a new method of
measuring TILs in breast cancer was proposed by the
International TILs Working Group, using H-E-stained sections
(16). In the current study, we applied this method to CRC.

The aim of the present study was to evaluate the
significance of the TILs in the primary tumor as a marker for
predicting the chemotherapeutic outcome in patients with
stage IV CRC using the method proposed by the
International TILs Working Group. 

Patients and Methods
Patients. We retrospectively reviewed a database of 57 patients who
underwent palliative combination chemotherapy for unresectable
metastatic colorectal cancer after resection of the primary tumor at
the Department of Surgical Oncology of Osaka City University
between 2005 and 2010. 
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Evaluation of TILs using H-E-stained sections. The density of TILs
in the H-E-stained sections was evaluated in accordance with the
method outlined in a previous report (16). Briefly, the density of
TILs was assessed by measuring the area occupied by mononuclear
inflammatory cells over the total stromal area at the invasive margin
(Figure 1). With this method, only the stromal area should be
evaluated, and the areas occupied by cancer cells should be excluded
from the evaluation. A full assessment of the average density of TILs
should be used, and hotspots should not receive focused attention.
We set 50% as the cut-off value for the evaluation of TILs using the
H-E-stained sections in accordance with the verification experiment
of the methodology proposed by the International TILs Working
Group (17). We then classified the patients into a high-TILs group
and a low-TILs group based on this cut-off value.

Immunohistochemistry. We performed immunohistochemistry to
evaluate the cytotoxic T-lymphocytes (CTLs). Surgically resected
specimens were retrieved to perform the immunohistochemistry.
Sections 4 μm thin were deparaffined and rehydrated and then
subjected to endogenous peroxidase blocking in 1% H2O2 solution
in methanol for 15 min. Antigen retrieval was performed by
autoclaving the sections at 105˚C for 10 min in Dako Target
Retrieval Solution (Dako, Glostrup, Denmark). Serum blocking was
performed with antibody 10% normal rabbit serum (Nichirei, Tokyo,
Japan) for 10 minutes. After H2O2 and serum blocking, the slides
were incubated with primary mouse monoclonal anti-CD8 antibody
(1:100 dilution; Dako) at room temperature for 30 min. The
secondary antibody was biotin-labeled rabbit anti-mouse IgG
(1:500; Nichirei, Tokyo, Japan). Detection was performed with a
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Figure 1. Representative pictures of intratumoral inflammatory cell infiltration by Hematoxylin-Eosin staining (×400). (A) High density of
inflammatory cell infiltration. (B) Low density of inflammatory cell infiltration.



DAB kit (Histofine simple stain kit; Nichirei). The sections were
counterstained with hematoxylin.

Immunohistochemical evaluation. The immunohistochemical
evaluation was carried out by two independent pathologists who
were blinded to the clinical information. The number of
immunoreactive lymphocytes at the invasive margin was counted
with a light microscope in a randomly selected field at a
magnification of ×400 (Figure 2). The mean of the values obtained
in five different areas was used for the data analysis.

Statistical analyses. The significance of the correlations between the
TILs and the clinicopathological characteristics was analyzed using
the χ2 test, Fisher’s exact test, and the t-test. The duration of the
survival was calculated according to the Kaplan-Meier method.
Differences in the survival curves were assessed using the log-rank
test. A multivariate analysis was performed according to the Cox
proportional hazard model. The correlations between the density of
TILs in the primary tumor evaluated using the H-E-stained sections
and the number of CTLs in the primary tumor were examined using
the Mann-Whitney test. All of the statistical analyses were
conducted using the SPSS software package for Windows (SPSS
Japan, Tokyo, Japan). p-Values of <0.05 were considered to indicate
statistical significance.

Ethical considerations. This research conformed to the provisions
of the Declaration of Helsinki. All patients were informed of the
investigational nature of this study and provided their written

informed consent. This retrospective study was approved by the
ethics committee of Osaka City University (approved No. 926).

Results
Characteristics of the patients. The characteristics of the
patients who underwent palliative chemotherapy are listed in
Table I. The patient population consisted of 25 males and 32
females, with a median age of 63 years (range=40-83 years).
The distribution of metastatic sites was as follows: liver, 44;
lung, 16; peritoneum, 16; and distant lymph node, 12. As a
first-line chemotherapy, all of the patients underwent
combination chemotherapy with oxaliplatin, irinotecan plus
5-fluorouracil/leucovorin, or a prodrug of 5-fluorouracil. All
regimens used for the patients in this study were considered
to have the same efficacy (18-20). The distribution of the
regimen of chemotherapy was as follows: 5-fluorouracil+
leucovorin+oxaliplatin (FOLFOX), 35; capecitabine+
oxaliplatin (CapeOX), 14; 5-fluorouracil+leucovorin+
irinotecan (FOLFIRI), 7; and received S-1+oxaliplatin
(SOX), 1. Twenty-six (45.6%) patients underwent chemo-
therapy combined with molecular-targeted therapy.

Correlations between the density of TILs and the
clinicopathological factors. The only significant relationship
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Figure 2. Immunohistochemical detection of CD8-positive T cells (×400). The arrows indicate positive cells. 



identified was between the density of TILs and gender
(p=0.016) (Table II).

Correlations between the density of TILs in the primary
tumor and the chemotherapeutic outcome. The distribution
of the chemotherapeutic response with reference to the TILs
subgroup is shown in Table III. A high TILs level was
associated with a significantly high objective response rate
compared to a low TILs level (79.3% vs. 48.1%, p=0.025).
The progression-free survival was significantly better in the
high-TILs group than in the low-TILs group (median
survival time: 10.1 m vs. 7.3 m, p=0.0133) (Figure 3). The
overall survival was also significantly better in the high-TILs
group than in the low-TILs group (median survival time:
35.5 m vs. 22.4 m, p=0.0221) (Figure 4).

Correlation between the density of TILs evaluated using the
H-E-stained sections and the number of CTLs. The number
of CTLs in the high-TILs group according to the evaluation
using the H-E-stained sections was significantly higher than
in the low-TILs group (Figure 5).

Prognostic factors influencing the survival. Clinico-
pathological variables for prediction of progression-free
survival were tested in univariate and multivariate analyses

(Table IV). According to the results of a univariate analysis,
the progression-free survival showed a significant
relationship with the density of TILs (p=0.017) and tended
to show a relationship with gender (p=0.070). A multivariate
analysis indicated that there were no independent prognostic
factors for the progression-free survival. 

Clinicopathological variables for prediction of overall
survival were tested in univariate and multivariate analyses
(Table V). According to the results of a univariate analysis,
the overall survival showed a significant relationship with
the density of TILs (p=0.024) and tended to show a
relationship with the number of organs affected by
metastases (p=0.062). A multivariate analysis indicated that
the density of TILs in the primary tumor (hazard ratio: 0.542;
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Table I. Characteristics of the patients who underwent palliative
chemotherapy.

Age (years)                                                                              
   Median (range)                                                            63 (40-83)
Gender (n)                                                                               
   Male                                                                                   25
   Female                                                                                32
Histological type (n)                                                               
   Well or moderately differentiated                                     52
   Poorly differentiated or mucinous                                     5
Metastatic organ (n)                                                                
   Liver                                                                                   44
   Lung                                                                                   16
   Peritoneum                                                                         16
   Distant lymph node                                                           12
Regimen of first-line chemotherapy (n)                                
   FOLFOX                                                                            35
   CapeOX                                                                              14
   FOLFIRI                                                                             7
   SOX                                                                                     1
Molecular-targeted therapy (n)                                               
   Bevacizumab                                                                      20
   Cetuximab                                                                           4
   Panitumumab                                                                      2
   None                                                                                   31

FOLFOX: 5-Fluorouracil+leucovorin+oxaliplatin; CapeOX: capecitabine+
oxaliplatin; FOLFIRI: 5-fluorouracil+leucovorin+irinotecan; SOX: S-
1+oxaliplatin.

Table II. Correlations between the density of TILs in the primary tumor
and clinicopathological factors.

                                                                               TILs     

                                                                   Low             High       p-Value
                                                                 (n=27)           (n=30)

Gender (n)                                                                                             
  Male                                                           7                   18                
  Female                                                      20                  12            0.016
Age (years)                                                                                           
  median (range)                                  62 (40-83)   64.5 (45-80)   0.716
Location of primary tumor (n)                                                            
  Colon                                                        19                  18                
  Rectum                                                      8                   12            0.579
Histological type (n)                                                                            
  Well or moderately differentiated              26                   26                 
   Poorly differentiated or mucinous             1                    4             0.356
Tumor depth (n)                                                                                   
  T1-3                                                          15                  13                
  T4                                                              12                  17            0.431
Lymph node metastasis (n)                                                                  
  Negative                                                    5                    3                 
  Positive                                                     22                  27            0.457
Liver metastasis (n)                                                                              
  Negative                                                    5                    8                 
  Positive                                                     22                  22            0.538
Peritoneal dissemination (n)                                                                
  Negative                                                   19                  22                
  Positive                                                      8                    8             1.000
Lung metastasis (n)                                                                              
  Negative                                                   20                  21                
  Positive                                                      7                    9             0.776
Number of organs affected 
by metastasis (n)                                                                                   
  One organ                                                 13                  19                
  More than one organ                                14                  11            0.293
Molecular-targeted therapy (n)                                                            
  No                                                             13                  16                
  Yes                                                            14                  14            0.793



95% confidence interval: 0.302-0.972; p=0.040) was an
independent prognostic factor for the overall survival.

Discussion

In this study, we investigated the prognostic significance of
TILs in the primary tumor as a marker for predicting the
chemotherapeutic outcome in patients with stage IV CRC
who underwent palliative chemotherapy using the method

proposed by the International TILs Working Group. To our
knowledge, this is the first study to assess the significance
of TILs as a marker for predicting the chemotherapeutic
effectiveness in patients with stage IV CRC.

Increasing evidence suggests that the balance between the
immune cells of the host and the cancer cells plays an
important role in tumor progression (21, 22). The presence of
TILs within the tumor microenvironment is considered to
reflect the immune response of the host to the tumor (23).
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Figure 5. The correlation between the density of TILs evaluated using
the H-E-stained sections and the number of cytotoxic T-lymphocytes
(CTLs) in the primary tumor. The number of CTLs in the high-TILs
group was significantly higher than in the low-TILs group (p<0.001).

Figure 3. The Kaplan–Meier survival curves for the progression-free
survival. The progression-free survival was significantly better in the
high-TILs group than in the low-TILs group (p=0.0133).

Figure 4. The Kaplan–Meier survival curves for the overall survival.
The overall survival was significantly better in the high-TILs group than
in the low-TILs group (p=0.0221).

Table III. Distribution of the chemotherapeutic response with reference
to the TILs subgroup.

                                                                                 TILs

Response                             Total patients      Low       High      p-Value
                                                 (n=57)           (n=27)     (n=30)

CR                                                 3                    1              2                 
PR                                                33                  12            21               
SD                                                 1                    7              5                 
PD                                                 8                    7              1                 
NE                                                 1                                    1                 
Objective response rate           64.29%         48.10%   79.30%       0.025

CR: Complete response; PR: partial response; SD: stable disease; PD:
progressive disease; NE: not evaluable. 



Because immune cells eliminate the tumor cells and suppress
the tumor growth, patients with a strong lymphocyte reaction,
i.e. those with high-TILs, have a better prognosis than those
with a weaker reaction. Furthermore, the density of TILs has
been reported to correlate with the efficacy of chemotherapy
and radiotherapy (9, 10, 24). Although some problems remain,
such as the unification of methods for the evaluation and
elucidation of the functions for each subset, TILs are now
receiving a great deal of attention as potential new biomarkers.

In this study, the density of TILs in the primary tumor
was revealed to correlate with the chemotherapeutic
outcome. Several studies have suggested possible
mechanical linkage between anti-cancer immunity of the
host and the effectiveness of chemotherapy. The destruction

of tumor cells by chemotherapy causes the release of tumor
antigens. This may trigger an immune response directed
against the tumor cells, which will be particularly strong in
patients whose immune status was activated before
treatment (9). Given that chemotherapy enhances the anti-
tumor immunity via the activation of CTLs, conventional
cytotoxic chemotherapy serves as a form of immunotherapy
(25). As described above, a greater immune reaction to
cancer before treatment is associated with greater efficacy
of chemotherapy. Therefore, the pretreatment density of
TILs is thought to be a useful prognostic marker for
chemotherapeutic effectiveness.

Although TILs have been recognized to have an important
role in anticancer immunity (16, 26), the method of
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Table IV. Prognostic factors influencing the progression-free survival.

                                                                                                            Univariate analysis                                                   Multivariate analysis

                                                                                           HR                      95%CI                    p-Value               HR                    95%CI              p-Value

Age (>63 years)                                                               0.560                0.275-1.139                  0.109                                                                         
Gender (Female)                                                              1.988                0.944-4.185                  0.070               1.340              0.552-3.253            0.518
Location of primary tumor (Rectum)                             0.922                0.430-1.976                  0.834                                                                         
Histological type (Poorly, Mucinous)                            0.651                0.192-2.203                  0.490                                                                         
Tumor depth (T4)                                                            1.411                0.694-2.868                  0.341                                                                         
Lymph node metastasis (Positive)                                  0.459                0.131-1.603                  0.222                                                                         
Liver metastasis (Positive)                                              1.017                0.436-2.372                  0.970                                                                         
Peritoneal dissemination (Positive)                                1.005                0.468-2.155                  0.990                                                                         
Lung metastasis (Positive)                                              1.265                0.607-2.633                  0.530                                                                         
Number of organs affected by metastasis (≥2)              0.961                0.462-2.001                  0.916                                                                         
Molecular-targeted therapy (Positive)                            0.897                0.442-1.820                  0.763                                                                         
Density of TILs (High)                                                   0.407                0.195-0.850                  0.017               0.481              0.198-1.169            0.106

HR: Hazard ratio; CI: confidence interval; TILs: tumor-infiltrating lymphocytes.

Table V. Prognostic factors influencing the overall survival.

                                                                                                            Univariate analysis                                                   Multivariate analysis

                                                                                           HR                      95%CI                    p-Value               HR                    95%CI              p-Value

Age (>63 years)                                                               1.147                0.644-2.043                  0.642                                                                         
Gender (Female)                                                              1.247                0.701-2.220                  0.452                                                                         
Location of primary tumor (Rectum)                             0.722                0.387-1.346                  0.305                                                                         
Histological type (Poorly, Mucinous)                            0.928                0.331-2.598                  0.886                                                                         
Tumor depth (T4)                                                            1.606                0.890-2.898                  0.116                                                                         
Lymph node metastasis (Positive)                                  0.640                0.284-1.443                  0.282                                                                         
Liver metastasis (Positive)                                              1.489                0.733-3.022                  0.271                                                                         
Peritoneal dissemination (Positive)                                1.125                0.607-2.083                  0.709                                                                         
Lung metastasis (Positive)                                              1.427                0.761-2.676                  0.268                                                                         
Number of organs affected by metastasis (≥2)              1.747                0.973-3.135                  0.062               1.638              0.906-2.962            0.103
Molecular-targeted therapy (Positive)                            1.217                0.683-2.170                  0.506                                                                         
Density of TILs (High)                                                   0.514                0.287-0.918                  0.024               0.542              0.302-0.972            0.040

HR: Hazard ratio; CI: confidence interval; TILs: tumor-infiltrating lymphocytes. 



evaluating TILs has differed among previous reports, and
there is no established methodology for evaluating TILs (11-
15). The methodology using the H-E-stained sections
proposed by the International TILs Working Group is simple
and easy because it does not involve immunohistochemistry.
However, in the evaluation using the H-E-stained sections,
the subset of the lymphocytes is not considered, although the
International TILs Working Group emphasized that the
evaluation was possible regardless of the subset of the
lymphocytes (16). In the current study, the density of TILs
evaluated by H-E-stained sections was found to be associated
with the number of tumor-infiltrating CTLs, which play a
key role in anti-cancer immunity (27). This result indicates
that the methodology using H-E-stained sections is based on
an immunological mechanism.

Although the density of TILs in the primary tumor was
found to be associated with the chemotherapeutic outcome
in this study, the correlation between the density of TILs in
the metastatic tumor, which is a target for chemotherapy, and
the chemotherapeutic outcome is unclear. A previous report
described a strong correlation between the density of TILs
in the primary tumor and that in metastatic tumors (28).
Therefore, the evaluation of TILs in the primary tumor may
serve as a substitution for the evaluation of TILs in
metastatic tumors. 

Several limitations associated with the present study
warrant mentioning. First, we evaluated a relatively small
number of patients, and the study design was retrospective.
Second, potential heterogeneity of TILs may remain,
although we used a full assessment of the average density of
TILs in order to minimize the margin of the measurement
error due to heterogeneity. A large prospective study should,
therefore, be performed to confirm our findings. 

Conclusion

The measurement of TILs in the primary tumor using the
method proposed by the International TILs Working Group
can be used as a prognostic marker of the clinical
effectiveness of palliative chemotherapy in patients with
stage IV CRC.
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