
Abstract. Background/Aim: The presence of TLS (tertiary
lymphoid structures) is detectable in the microenvironment of
human cancers and linked to better patient outcomes. The role
of TLS in colorectal cancer liver metastases (CRCLM) is
unclear. Patients and Methods: Medical records of patients with
CRCLM were reviewed (n=33) and corresponding tissue
samples (n=21) were obtained. Whole slide imaging analyses on
immunohistochemical staining of immune cell infiltrates and TLS
were correlated to clinical outcomes (including chemotherapy
response) and other parameters. Results: Neither the size
(p=0.6) nor the quantity (p=0.47) of TLS was associated with
the clinical course. When considering spatial differences, TLS in
the invasive margin (IM) were associated with progression-free
survival (p=0.03), while TLS in the LM (liver metastasis) were
not. Also, TLS in the IM were associated with the presence of
CD3+ T cells, which itself was prognostically favorable
(p<0.001). Conclusion: TLS in the IM are associated with good
prognosis in CRCLM, but not chemotherapy response.

The co-occurrence of tumor-associated CD3+/CD8+ T cells and
antigen-presenting cells like CD20+ B cells or dendritic cell-
lysosomal associated membrane protein (DC-LAMP)+ cells in
tertiary lymphoid structures (TLS) is associated with improved
survival in malignant melanoma and lung cancer, independently
of other clinical variables (1-3). Further, the sheer observation

of the formation of TLS in tumor tissues and in adjacent normal
tissue is a positive prognostic sign (4-6). Also, an association
with response to immunotherapy has been reported for malignant
melanoma and sarcoma (7, 8). In lung cancer, an association
between TLS presence and an improved overall clinical course
has been shown (3). There are still, however, some important
questions that have not been answered, including: a) whether
TLS are not only associated with a good prognosis in primary
tumors but also in metastatic tumors, b) whether TLS are
associated with other immunological or clinical parameters and
c) whether TLS are associated with response to chemotherapy.
The latter is associated with the immunological context in
colorectal cancer liver metastases (CRCLM) (9, 10), and
presence or absence of TLS might also play an important role.
Metastatic colorectal cancer (mCRC) is still a devastating
disease, with the liver being the most frequent site of distant
metastases (11). In 20% of patients, liver metastases can be
resected with curative intent (12). Neoadjuvant treatment can
improve resectability, but the majority of patients have
nonresectable liver metastases and receive palliative
chemotherapy (13). The overall prognosis of patients receiving
systemic palliative chemotherapy is very limited with a median
overall survival of approximately 24-30 months (14).
Biomarkers which help selecting patients that are likely to
respond to chemotherapy include the effector T cell density (9,
10). Immune cells infiltrating or surrounding colorectal primary
tumors and especially tumor-infiltrating lymphocytes (TIL)
represent important prognostic factors (4, 6, 15). High densities
of TILs have been shown to be correlated with an improved
survival in patients with primary CRC (16). In metastatic lesions,
the impact of immune infiltrates on the clinical course and
response to chemotherapy has been previously shown (10, 17).
Here, we analyzed the presence of TLS in CRCLM by
quantitatively measuring TLS nodes, their surface area metrics
and spatial distribution within the context of CRCLM
(intratumoral or at the invasive margin), and comparing these
characteristics to other immunological and clinical parameters as
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well as analyzing the differentiating power of TLS for the
clinical course of CRCLM. The utilized patient cohort has been
described previously and allows systematic assessment of
treatment responses, as these patients were incompletely resected
and received systemic therapy (mostly palliative).

Patients and Methods
Study design and concept. The details have been previously reported
(10). In short, records of patients with metastatic CRC who received
a diagnostic excision (or primary resection) of liver metastases
between the years 1998 and 2008 were reviewed, and informed
consent from all patients was obtained. Corresponding tissue
samples were analyzed for immune cell infiltrates automatically (18,
19) and correlated with other parameters, e.g. response to
chemotherapy. For all 33 patients, detailed follow-up, including
progression-free survival under chemotherapy, was available, and
for this study, material from 21 patients was available. 

Clinical data. The study received approval by the local ethics
committee (207/2005). Progression-free survival was defined as the
time from the beginning of palliative chemotherapy until disease
progression (failure). No patient died during the observed period.
Follow-up for each patient included the complete time period until
remission or disease progression occurred and encompassed also
overall survival. Patients with stage IV CRC were included, after
metastatic disease was histologically proven (Table I). All patients
received (palliative) chemotherapy, which began within 8 weeks
after diagnosis. Patients in this study are from a rare, but clinically
highly informative, subgroup among all patients with CRC.
Available material from lung metastases was used for reference (to

compare structural differences). Other patient inclusion criteria were
a Karnofsky performance score of at least 80%, and adequate
hepatic, renal, and bone marrow function. Patients with synchronous
liver metastasis were included if the primary tumor had been
resected prior to chemotherapy. Response to chemotherapy was
evaluated according to Response Evaluation Criteria in Solid
Tumors (RECIST), every 4-6 cycles. Here, response was defined as
partial (or complete) remission or progressive disease. Patients with
stable disease after initiation of chemotherapy were further
monitored under continued treatment until either disease progression
or remission occurred. Radiologic imaging review after at least eight
weeks of treatment was performed by “blinded” radiologists or as
reported previously (3) and best responses were evaluated. All
tumor samples were analyzed for microsatellite instability using the
polymorphic markers BAT25, BAT26, and CAT25 as described
earlier (20), and all metastases showed microsatellite stability.

Immunohistochemical staining. Tissue samples were immunostained
and analyzed for infiltration with CD3, CD8 and granzyme B-positive
T cells. Additionally, CD20 and DC-LAMP staining was performed as
indicated. Tissue sections (4 μm) were generated from formalin-fixed,
paraffin-embedded tissues. After deparaffinization and rehydration,
slides were boiled in 10 mmol/l citrate buffer (pH 6) for 15 min for
antigen retrieval. Endogenous peroxidase activity was blocked by
incubating with H2O2 (0.6%) in methanol for 20 min. Blocking with
10% normal horse serum (VECTASTAIN Elite ABC kit; Vector
Laboratories, Burlingame, CA, USA) was then performed. Mouse
monoclonal antibodies recognizing human CD3e (1:50 dilution; clone
PS1; Acris, Rockville, MD, USA), CD8 (1:40 dilution; clone 4B11;
Novocastra, Wetzlar, Germany), GrB (1:50 dilution; clone 11F1;
Novocastra), FOXP3 (1:100 dilution; clone 236A/E7; Abcam,
Cambridge, UK) CD20 (clone NCL-L_CD20_L26, dilution 1:100;
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Table I. Patient characteristics. All patients had liver metastases (M1) at the time of analysis. TNM of initial diagnosis is also shown, as well as
localization of primary tumor, chemotherapy regimen, KRAS/BRAF status and utilization of therapeutic antibodies (either anti-VEGF or anti-EGFR) 

Gender                                    TNM                                  Age            Localization                   Chemotherapy                     KRAS/BRAF           Antibody

Male                         pT3 pN2(9/22) M1 GII                    55                 Rectum                     Irinotecan-based                            wt                        Yes
Male                         pT3 pN1(2/13) M1 GII                    55                 Sigmoid                 Oxaliplatinum-based                        wt                        Yes
Female                           pT2 pN0 M0 GII                         70                 Sigmoid                 Oxaliplatinum-based                        wt                        Yes
Female                  pT3 pN2 (4/14) L1 M1 GII                 71             Transversum                 Irinotecan-based                            wt                        Yes
Male                          pT4 pN2 V1 pM1 GIII                     57                 Rectum                     Irinotecan-based                            wt                        Yes
Male                                  pT4 pN1 M1                             59             Transversum                 Irinotecan-based                            wt                        Yes
Male                               pT2 N0 M1 GII                          69                 Rectum                 Oxaliplatinum-based                        wt                        Yes
Male                         pT3 pN1 (3/16) M1 GII                    73            Rectosigmoid                Irinotecan-based                            wt                        No
Male                         pT3 pN2 (8/36) M1 GII                    63                 Rectum                     Irinotecan-based                      Unknown                  No
Male                         pT3 pN1 (2/16) M1 GII                    48               Ascending                  Irinotecan-based                     KRAS mut                 No
Male                                 pT3 pN2 pM1                           54                 Sigmoid                    Irinotecan-based                            wt                        Yes
Male                     pT2 pN1 (1/13) pM1 L1 GII                40                 Sigmoid                 Oxaliplatinum-based                        wt                        Yes
Female                pT3 pN2 (13/28) L1 M1 GIII               41               Ascending                  Irinotecan-based                     KRAS mut                 Yes
Male                              pT4 pN0 M0 GII                         67               Ascending                  Irinotecan-based                            wt                        No
Male                             pT3 pN2 pM1 GII                        58               Ascending                  Irinotecan-based                            wt                        No
Male                       pT3 pN2 (15/15) pM1 GII                  67                 Rectum                     Irinotecan-based                            wt                        Yes
Male                 pT3 pN1 (1/22) L1 V1 M0 GI-II             61               Ascending                  Irinotecan-based                            wt                        Yes
Female                 pT3a pN0 (0/15) L0 M0 GII                75               Ascending               Oxaliplatinum-based                  Unknown                  No
Female                          pT3 pN1 M0 GIII                         80                 Sigmoid                 Oxaliplatinum-based                        wt                        No
Female                           pT4 N0 M0 GIII                          46                 Rectum                     Irinotecan-based                            wt                        Yes
Female                              pT3 cN2 M1                            46                 Sigmoid                    Irinotecan-based                     KRAS mut                 Yes



retrieval with citrate buffer, Novocastra) and DC-LAMP (clone
IM3446, dilution 1:100, Beckman-Coulter, Brea, CA, USA) were
applied as primary antibodies at room temperature (2 h). Incubation
with a biotinylated secondary antibody (1:50 dilution; horse-anti-
mouse IgG; VECTASTAIN Elite ABC kit; Vector Laboratories) for 30
min at room temperature was followed and then, the ABC reagent was
applied according to the manufacturer’s instructions (VECTASTAIN
Elite ABC kit; Vector Laboratories). The antigen detection was
conducted by a color reaction with 3,30-diaminobenzidine (DAB þ
chromogen; Dako Cytomation, Santa Clara, CA, USA). The sections
were counterstained with hematoxylin (AppliChem, Darmstadt,
Germany) and mounted with Aquatex (Merck, Darmstadt, Germany).

Evaluation of immunohistochemical variables. Positively stained
immune cells were counted after digitizing the section (NDP
Nanozoomer, Hamamatsu Photonics, Hamamatsu City, Shizuoka,
Japan). Full tissue sections allow large scale histologic evaluation with
high precision across the complete section, minimizing bias due to
heterogeneity. Average cell densities across the measured region were
used for analysis. The invasive margin was defined as a region of 500
μm width on each side of the border between malignant cells
("metastasis" and peritumoral stroma) and liver tissue (18, 20). Manual
evaluation of stained immune cells (17-19) was conducted (in
duplicates) by two independent observers without knowledge of the
clinicopathologic data. Variations in the enumeration within a range
of 5% were reevaluated and a consensus decision was made. The
results were expressed as the mean of positive stained cells per mm2.
A total of 1,002 mm2 of tissue surface area was analyzed. Tissue
surface areas were quantified using the Nanozoomer NanoView tool.
Spatial registration of TLS localization was performed manually. All
evaluations were visually checked for consistency.

Statistical analyses. Survival curves were computed using the
Kaplan–Meier estimator. To investigate correlations between
different parameters, Spearman’s rank correlation was used. All
statistical analyses were conducted with R version 4.0.2.

Results

Morphological features of TLS in colorectal cancer liver
metastases. Previous work on TLS in lung cancer and
melanoma, have highlighted the presence of antigen-presenting
cells within the TLS, with DC-LAMP+ or CD20+ cells being
their core elements. While these descriptions nicely underscored
the hierarchical structure of the TLS, our investigation shows
that the specific distribution patterns of TLS and their numbers
and sizes in CRCLM are different (Figure 1A and B). Here, the
DC-LAMP+ cells (being mainly mature dendritic cells) were
identified, but they reside almost exclusively outside of the TLS
(0 of 29 TLS positive for the presence of DC-LAMP+ cells)
(Figure 1C). The CD20+ B cells, as antigen-presenting cells,
show complex patterns in CRCLM and have a lower frequency
(CD20+/CD3+ cells showing a median of 1.5:100). Nevertheless,
they are present in TLS, mainly outside of the CRCLM, in the
invasive margin (Figure 1D). These morphological differences
(comparing CRCLM to the other abovementioned entities) point
to possible functional differences.

Association between overall survival (OS), progression-free
survival (PFS) and the presence of TLS. Previous work has
shown direct correlation between the density of (CD3+) T cells
and the clinical course of the disease. This is also reflected in
our cohort (Figure 2A). TLS (independent of T cell densities)
did not prove to be a favorable parameter (Figure 2B).

The fact that TLS can have different sizes, prompted us to
investigate whether larger TLS have a greater impact on the
immunological landscape and patient outcomes. Using the
median of the observed surface areas of identified TLS, we
detected no difference in the association with the clinical
course (PFS or OS) (Figure 2C).

However, by stratifying for the sole presence of TLS
within the CRCLM, CRCLM and IM, and only IM, a
discernible difference between the three strata was identified
for PFS (Figure 2D).

Associations of the presence of TLS with clinical or
immunological parameters. Correlating the number and the
size of TLS with other parameters revealed that TLS numbers
were associated with the density of CD3+ T cells. Other
factors like age, gender, KRAS mutation status or nodal status
were not associated with the presence of TLS (Table II).

Chemotherapy response and the presence of TLS. The
density of CD3+ T cells is not only associated with the
clinical outcome (as shown), but also with the response to
chemotherapy. We investigated whether the presence of TLS
in CRCLM is predictive for the response to chemotherapy.
Neither the number nor the size of TLS showed a relevant
association with treatment outcome. Regardless of treatment
type (chemotherapy with/without antibody), TLS presence
was only weakly associated with beneficial outcomes.

Discussion

The role of the immune system in solid tumors is very
complex. Certain cell types are associated with a better survival
or their presence is linked to a high success rate of
immunotherapy (21, 22). In this complexity, immunological
structures have been proven to be of critical importance for
immunotherapy, which was only highlighted recently. Earlier
reports showed that better survival is associated with the
presence of TLS in the lung, highlighting that not only the
number of immune cells is relevant but also the spatial
proximity of specialized subpopulations of immune cells within
the TLS is an indicator of clinical outcome (3, 23, 24). This
composition of immunological cells within TLS supports their
function, where antigen-presentation is coupled to activation of
specific effector T cells. Therefore, the spatial organization
pattern has a value as a biomarker beyond the sheer densities
of the involved cells. While, especially effector T cells are
associated with OS and PFS, and their densities are linked to
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the response to chemotherapy in CRCLM (9, 18, 25), their role
in metastatic sites remains unclear and has not been previously
systematically analyzed. Furthermore, many associations of
TLS to clinical and immunological parameters in the metastatic
setting are elusive. Are TLS independent of the general T cell
infiltration? Is the absence or presence of TLS linked to the
clinical course? In the limited set of samples presented here, a
link between general CD3+ T cell density and OS was found.
This is in line with previous observations and findings from
primary tumors (21, 22). However, simply the presence of TLS
is not obviously correlated with OS or PFS. Using the median
quantity of TLS to dichotomize the cohort, higher quantities of

TLS were not found to be associated with clinical benefits.
Similarly, the size of TLS was also not found to be linked to
clinical benefit. In order to differentiate the role of TLS in more
detail, the presence of TLS within metastatic lesions, the
invasive margin or both was analyzed. Here, a difference in
PFS was noted. This suggests that the composition of sub-
compartments, i.e. the invasive margin, is relevant for the in-
depth evaluation of metastatic lesions and larger cohorts are
needed to corroborate these findings. This would also indicate
that not only the number or size of the TLS is important, but
also the precise localization (limited to the invasive margin) is
beneficial for the patient. In addition, it needs to be pointed out
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Figure 1. Properties of tertiary lymphoid structures (TLS). (A) Number of TLS per patient sample (normalized to mm2) and (B) distribution of
surface areas of single TLS. (C) Dendritic cell-lysosomal associated membrane protein (DC-LAMP) stained in colorectal cancer liver metastases
(CRCLM) (bar 100 μm), showing no overt association to TLS and (D) CD20 stained sample highlighting the presence of positive cells mainly in
TLS at the invasive margin and not within the CRCLM.

Table II. Correlation coefficient r for different parameters. Bold indicates corresponding p-values <0.05.

                                 CD3       TLS@IM    Area TLS     TLS nr      Response     RAS status       Age         Gender         N+       CD8/CD3 ratio       CD8

CD3                                              0.59           –0.01         –0.03              0.70               0.13           0.13           0.18        –0.30               0.05               0.31
TLS@IM                  0.59                                 0.09           0.12              0.38               0.30           0.07           0.36        –0.15               0.36               0.42
Area TLS                –0.01             0.09                               0.98            –0.10               0.04           0.01           0.30          0.37               0.04             –0.09
TLS nr                    –0.03             0.12             0.98                              –0.10               0.07           0.01           0.28          0.32               0.04             –0.10
Response                  0.70             0.38           –0.10         –0.10                                  –0.13           0.18           0.32        –0.32               0.25               0.39
RAS status                0.13             0.30             0.04           0.06            –0.13                               –0.51         –0.33          0.25             –0.01               0.03
Age                           0.13             0.07             0.01           0.01              0.18             –0.51                            –0.13        –0.31             –0.07             –0.04
Gender                      0.18             0.36             0.30           0.27              0.32             –0.32         –0.13                             0.14               0.48               0.43
N+                           –0.30           –0.15             0.37           0.32            –0.32               0.25         –0.30           0.14                                 0.42               0.29
CD8/CD3 ratio         0.05             0.36             0.04           0.04              0.25             –0.01         –0.07           0.48          0.42                                      0.94
CD8                          0.31             0.42           –0.09         –0.10              0.39               0.02         –0.04           0.43          0.29               0.94                  
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that the composition of the TLS in mCRC differs from the
described morphologies in lung cancer, sarcoma and
melanoma. The presence of DC-LAMP, a marker for mature
dendritic cells, showed negligible positivity in the TLS in
CRCLM. As for CD20 (as a marker of B cells), positive cells
can be found, but their general localization within the TLS has
not the classical “fried egg” composition with an inner circle
of CD20+ B cells and an outer circle with effector T cells.
Instead, it shows a rather diffuse pattern within the TLS. This
is not proof, but at least suggestive of an altered functional
status of TLS in CRCLM. Alternatively, it could be a specific
effect of the metastatic site: the liver. However, further
systematic analyses are required to unravel the functional role
of B cells in the context of TLS in CRCLM. Looking into the
question whether TLS are independent of the immune cell
composition in the microenvironment (26), it was clearly
visible that they correlate to the overall density of CD3+ T
cells. Here, the correlation only explained ~60% of the cases,
thus there are cases where low TLS formation takes place
without higher CD3+ T cell densities. There is not enough
evidence, but possibly the overall T cell infiltration in the
tissue is limited, while their activation and TLS formation is
still possible due to other factors enforcing inflammation (27,
28). Other factors like KRAS mutational status or nodal status
of the primary tumor, age and gender were not linked with
TLS formation. Thus, if TLS formation is somewhat
independent of the T cell composition, is TLS associated with
chemotherapy response and can it be an independent
biomarker (29)? In our cohort, there was no evidence for such
association, which leads to the conclusion that the CD3+,
CD8+ and Granzyme B+ T cell composition is still the key
factor. A limitation of this analysis is the small number of
patients, with previous findings from this cohort, however,
being independently validated by others (10, 30).
Nevertheless, further studies are needed to clarify these
aspects. In summary, we report an altered ultrastructure of TLS
in CRCLM and an association with a better clinical course
when the TLS are located at the invasive margin of the
CRCLM. The presence of TLS is somewhat linked to the
overall T cell density, but other factors like the nodal status of
the tumor, age and gender are not associated. Chemotherapy
responses were not linked to the presence of TLS in our cohort.
More studies are needed to better understand the differential
role of TLS in CRC metastases.
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