












the dynamics of CD3þ T-cell recruitment and activation
at the tumor site have not been clarified. The coordina-
tion between TLT and TILs in predicting prognosis in
human colorectal cancer prompted us to better clarify
the association of TLT and T-cell infiltration. We took
advantage of a preclinical model of inflammation-driven
carcinogenesis (AOM/DSS; ref. 39), which would reca-
pitulate the formation of TLT associated with chronic
inflammatory conditions (23). Organized accumulations
of lymphoid cells are present in murine colon mucosa
of AOM/DSS mice, both adjacent to the normal crypts
(Supplementary Fig. S2A, left) and in the tumor region
(Supplementary Fig. S2A, right). The aggregates are com-
prised of mostly B lymphocytes and include an area of
T cells (Supplementary Fig. S2B) and a network of FDCs
(Supplementary Fig. S2C, left). The lymphoid chemokine
CXCL13 is expressed at high levels in the aggregates
(Supplementary Fig. S2C, right), consistent with the
predominant presence of B cells. During inflammation-

driven colon carcinogenesis, lymphoid tissue signi-
ficantly increased compared with control mice (Sup-
plementary Fig. S2D), consistently with the local induc-
tion of TLT in chronically inflamed tissues. To define the
association of TLT with T lymphocytes in colorectal
cancer, we compared CD3þ T cells within TLT of con-
trol and AOM/DSS mice (Fig. 4A, left and middle).
Quantification of the T-cell infiltrate indicated that
the number of CD3þ T cells in lymphoid tissue signi-
ficantly increased in AOM/DSS mice (Fig. 4A, right).
Thus, as evidenced by our previous clinical analysis, this
result further confirmed in a preclinical model that
TLT associates with increased T-cell infiltration in colo-
rectal cancer.

To test the hypothesis that TLT is actively involved
in the recruitment of lymphocytes, we intravenously
injected GFPþ splenocytes into control mice and mice
subjected to the AOM/DSS protocol. After 24 hours,
GFPþ cells localized in TLT of AOM/DSS mice, whereas

Figure 3. Clinical relevance of TLT in 351 patients with colorectal cancer. A and B, Kaplan–Meier curves showing DFS, according to TLT and TIL density.
A high density of TLT (�median, 2.68%) and of TILs (�median, 2,06%) is associated with better outcome in patients with node-negative
colorectal cancer (P ¼ 0.02 and P ¼ 0.02, respectively, n ¼ 185; A and B, left), but not in those with node-positive colorectal cancer (P ¼ 0.46 and
P ¼ 0.64, respectively, n ¼ 166; A and B, right). C and D, coordination of TLT and TIL immune infiltration. The prognostic behavior of TLT (C, left) and
TILs (C, right) varies with disease extent. Among patients with node-negative colorectal cancer, TLT density is significantly lower in patients who
relapsed (n ¼ 26) than in patients with no evidence of disease recurrence (n ¼ 159; P ¼ 0.03), whereas it does not differ in nodal-positive
patients with or without tumor recurrence. Distribution of TLT IRA% according to the CD3þ density (�median) in relapsing and not relapsing patients
with stage II colorectal cancer. TLT and TILs correlate only among patients that do not relapse (D). P (C, left): N0 (no relapse) versus N0 (relapse)
P ¼ 0.03; N1 (no relapse) versus N1 (relapse) P ¼ 0.43; N2 (no relapse) versus N2 (relapse) P ¼ 0.15. P (C, right): N0 (no relapse) versus N0 (relapse)
P ¼ 0.01; N1 (no relapse) versus N1 (relapse) P ¼ 0.74; N2 (no relapse) versus N2 (relapse) P ¼ 0.51.
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very few or none were observed in lymphoid tissue of
control mice (Fig. 4B, left and middle). Whole-tissue
analysis evidenced a significant increase in the density

of GFPþ cells in colorectal cancer–associated lymphoid
tissue (Fig. 4B, right), thus, confirming that TLT in the
tumor mediates recruitment of lymphocytes.

Table 1. Prediction of risk for disease relapse by nodal status in 351 pT3/pT4 colorectal cancer

Relapse Cox hazards model

No Yes
(n ¼ 267) (n ¼ 84) HR (95% CI) P

CD3 TILs density <1% N0 32 11 1.00 ref.
N1–N2 33 17 1.39 (0.65–2.97) 0.39

1%–5% N0 77 11 1.00 ref.
N1–N2 52 25 2.91 (1.43–5.91) 0.003

5%–10% N0 32 2 1.00 ref.
N1–N2 15 15 12.12 (2.75–53.38) 0.001

�10% N0 18 2 1.00 ref.
N1–N2 8 1 1.12 (0.10–12.36) 0.92

TLT density No TLT N0 25 8 1.00 ref.
N1–N2 25 17 1.81 (0.78–4.20) 0.16

0%–4.16% N0 62 12 1.00 ref.
N1–N2 45 31 2.90 (1.48–5.65) 0.001

4.16%–8.32% N0 42 4 1.00 ref.
N1–N2 20 7 3.27 (0.95–11.17) 0.05

�8.32% N0 30 2 1.00 ref.
N1–N2 18 3 2.41 (0.40–14.45) 0.33

NOTE: Colorectal cancer were subgrouped according to the density of CD3þ TILs and TLT at the tumor invasive front.
Abbreviations: N0, no lymph node involvement; N1, one to three nodes involved; N2, more than or equal to four nodes involved.

Table 2. Themultivariate Cox hazardmodel for predictive factors of disease relapse in 185 stage II pT3/pT4
colorectal cancer

Multivariate analysis

Relapse Model A Model B

No Yes
(n ¼ 159) (n ¼ 26) HR (95% CI) P HR (95% CI) P

TLT density
<Median 71 18 1.00 (reference) — —

�Median 88 8 0.42 (0.18–0.99) 0.05 — —

TIL density
<Median 76 19 — — 1.00 (reference)
�Median 83 7 — — 0.35 (0.15–0.83) 0.02

Local invasiona

pT3 149 20 1.00 (reference) 1.00 (reference)
pT4 10 6 3.78 (1.47–9.76) 0.006 4.76 (1.86–12.17) 0.001

Tumor cell typeb

Adenocarcinoma 153 23 1.00 (reference) 1.00 (reference)
Variants 6 3 3.94 (1.15–13.50) 0.03 4.27 (1.24–14.67) 0.02

NOTE:Multivariate analysis was performedby introducing TLT density (�median) inmodel A and TIL density (�median) inmodel B and
by entering all other variables with a P value less than 0.20 at univariate analysis. By a backward stepwise elimination approach,
nonsignificant variables, and their nonsignificant interactions, were removed from the model.
apT3, invading through the muscularis propria into subserosa or into nonperitonealized pericolic or perirectal tissues. pT4, directly
invading adjacent organs or perforating visceral peritoneum.
bVariants mucinous or medullary.
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Whole-mount tissue analysis of TLT in murine colons
allowed to visualize a dense network of vessels surround-
ing TLT, which included CD31þ blood vessels and Lyve-

1þ lymphatic vessels (Fig. 4C, left and middle). Quanti-
fication of the volume of vessels draining TLT evidenced a
significant increase in AOM/DSS mice compared with

Figure 4. TLT mediates increased lymphocyte infiltration in a preclinical model of colorectal cancer. A, expansion of TLT associates with increased number of
CD3þTcells. Stainingwithanti-CD3antibody in lymphoid tissue (dottedcircle) of controlmice (left) andAOMDSSmice (middle).QuantificationofCD3þ cells in colon
tissues of mice was performed by computer-assisted image analysis and indicates increased number of CD3þ T cells in the TLT of AOMDSS mice,
comparedwith controlmice (right). B, TLT is actively involved in the recruitment of lymphocytes. GFPþ splenocyteswere intravenously injected in control andAOM/
DSSmiceandwhole colonsanalyzedby immunofluorescenceafter 24hours.Representative imagesofGFPþ cells in a lymphoid follicle (dottedcircle) of control (left)
and AOM/DSS (middle) mice. Quantification of GFPþ cells was performed on 20-mm thick sections from the whole colon; Each dot represents the density of GFPþ

cells in theTLTanalyzed (right). One representative of twoexperimentsperformed (n¼ 3mice;Ctrl;n¼ 5miceAOM/DSS;bars, SEM).C, the vessel networkdraining
lymphoid tissue (B220þ B cells) in the colonmucosa of control (left) and tumor-bearingmice (middle) includesCD31þ blood vessels and Lyve1þ lymphatic vessels.
Morphometric analysis on colon wholemounts indicates vessel expansion around and inside lymphoid tissue of AOMDSSmice (right; n¼ 6mice; Ctrl; n¼ 6mice
AOM/DSS; bars, SEM). D, TLT contains functional HEVs. Staining with and anti-PNAd antibody indicates presence of HEV in lymphoid tissue (left). CD3þ T
lymphocytescirculate intoPNAdþHEV,and localize incloseproximity to thevesselwall (asterisks;middle).ThenumberofHEV increases in lymphoid tissueof tumor-
bearing mice (right). Scale bar, 200 mm (A–C); 100 mm (D, left); 50 mm (D, middle). Two-tailed P values by the t test. ��, P < 0.005; ���, P < 0.001.
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control mice (Fig. 4C, right). Among CD31þ vessels,
lymphoid tissue contained PNAdþ HEVs (Fig. 4D, left);
CD3þ T cells were localized inside HEV and in close
proximity to the vessel wall (Fig. 4D, middle). The num-
ber of PNAdþ HEV within lymphoid tissue of AOM/DSS
mice was higher compared with control mice (Fig. 4D,
right), thus, confirming that TLT formation in colon
cancer associates with expansion of a vascular network
and can sustain lymphocyte recruitment.

Discussion
The recognition of the key role of tumor-infiltrating

leukocytes in cancer has triggered the efforts toward a better
definition of the complexity of the immune response in
tumors, with the relevant clinical perspective to identify
novel prognostic biomarkers, which might help in the
design of immune-based therapeutic approaches. In this
scenario, CD3þ lymphocytes have recently emerged as a
robust immune biomarker in several solid tumors, includ-
ing colorectal cancer. In our study, we show that CD3þ T-
infiltrating lymphocytes at the tumor invasive front of
colorectal cancer can localize in organized aggregates, com-
prised of T- and B-cell areas and a network of FDCs, thus
with features of TLT, in which clinical relevance in relation-
ship to TILs has been so far unexplored.

Intratumor TLT was associated with an increased density
of TILs and to a dense vascular network, including HEV and
lymphatic vessels, required to ensure proper traffic of lym-
phocytes within lymphoid organs, and thus, suggesting that
TLT has the capability to sustain traffic of T cells. The
presence of the chemokines CCL19 and CXCL13 within
TLT strongly supports the hypothesis that lymphoid tissue is
relevant to mediate active recruitment of lymphocytes into
the tumor, which was then confirmed by intravenous injec-
tion of GFP splenocytes in mice.

The clinical relevance of tumor-infiltrating T cells in
human colorectal cancer has been extensively documented
(2–6, 8, 26, 27). Previous analyses of T-cell infiltration in
patients with colorectal cancer claimed CD3þ TILs as better
indicator of prognosis than TNM tumor staging (3). How-
ever, on accurate analysis, CD3þ TILs retained prognostic
significance only in patients with nodal-negative colorectal
cancer (4), thus, identifying CD3þ TILS as a prognostic
biomarker for stage II colorectal cancer and suggesting the
possibility to implement the TNM-based system with one
developed upon the densities of CD3þ TILs. About TLT,
here, we took advantage of a computer-assisted image
analysis, which is objective and statistically more relevant,
providing continuous distributions of immune cell densi-
ties. By these means, we showed for the first time that, in
accordance with TILs, TLT are not predominant over tumor
staging in predicting patient outcome and their prognostic
relevance varies with the state of disease progression at
diagnosis. Thus, they may contribute to tumor control at
the early stages of the disease, while they progressively loose
this capability along with tumor progression and occur-
rence of lymph node metastasis.

Our stage-by-stage analysis showed that only very high
or very low TLT densities have prognostic impact in stage
III and behave as independent predictors of survival.
Essentially, although the antitumor impact of immune
infiltration is more relevant in stage II colorectal cancer,
only the strongest immune responses have an impact on
the prognosis in stage III. However, the number of
patients with colorectal cancer identified by very high
cutoff values is proportionally scarce and thus, limits its
clinical impact. The generation of threshold values and
combined immune values is a critical issue in the assess-
ment of the prognostic abilities of immune cells and
should be carefully managed. In previous studies, the
use of these cutoffs together with combined values
obtained from markers identifying overlapping immune
cell populations has led to claim the futility of pathologic
staging (3, 8). This strategy fostered statistical analysis but
identified a very small benchmarking population of
patients with colorectal cancer devoid of TILs and with
a dismal prognosis (3, 8), with limited clinical prognostic
relevance when addressing surveillance strategies in the
overall population of colorectal cancer.

The type of genomic instability has been proposed as an
important variable to be included in the design of studies on
immune cells and prognosis (40). MSI patients with colo-
rectal cancer have a better prognosis over MSS (41, 42)
together with a higher lymphocytic reaction at the tumor
site (4, 6, 26, 37). Our data further addressed this issue by
showing that the prognostic value of TLT density is inde-
pendent by MSI, thus, not being influenced by their lower
metastatic potential.

Protocol variability for quantification of immune cells,
together with inconsistent statistical design is a critical
factor contributing to discrepancy of results among studies.
Importantly, although the assessment of TILs, irregularly
and heterogeneously dispersed within the tissue is chal-
lenging, TLT are easy to detect under an optical microscope
and by image analysis, being organized as cellular aggre-
gates. A worldwide concerted action (Immunoscore) is
ongoing, aimed at assessing the actual clinical usefulness
of a standardized methodologic assessment of T-cell infil-
tration (43, 44). The results presented here further suggest
that the quantification of organized TLT is a feasible and
easy approach to this issue in the context of TNM staging
and that TLT and TILs are coordinated in their clinical
relevance in early-stage human colorectal cancer. Thus, TLT
assessment should also be considered when the prognostic
value of TILs is investigated.

We found that TLT and TILs populations are highly
overlapping in their extent and prognostic abilities
because these biomarkers were mutually dependent in
predicting the prognosis of patient. However, we provid-
ed phenomenologic evidence that the antitumor algo-
rithm represented by TLT and TIL densities is coordinated
only when identifying colorectal cancer patients who
were not relapsing. Thus, it is conceivable to hypothesize
that T-cell recruitment and the mounting of an efficient
T-cell antitumor immune reaction is favored by the
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presence of a local immune environment like TLT at the
tumor site, whereas the pathways of activation of these
two immune players seem to differ among colorectal
cancers with an aggressive behavior. According to their
cellular composition, rich in T and B cells, their structural
organization and their intratumor localization, it is rea-
sonable to hypothesize that TLT at the invasive front in
human colorectal cancer might collect T cells in close
proximity to cancer cells, potentially improving the effi-
ciency of the antitumor response.
B cells are a relevant component of TLT. In human cancer,

B cells are known to promote tumor immunity by several
mechanisms, including production of antibodies directed
to tumor-specific antigens, antigen presentation, and
enhancement of T-cell antitumor activity (45, 46) all func-
tions being highly favored by the presence of an immune
site. In this regard, our data suggest that also a humoral
immune response organized at the tumor site, within TLT,
might be a player in the generationof an antitumor immune
response with prognostic relevance.
Overall, the occurrence and modulation of TLT may be

particularly significant in the development and the respon-
siveness of novel immunotherapeutic approaches. In this
scenario, we also provided further phenomenologic evi-
dence to the idea that nodal invasion is crucial in deter-
mining the efficiency and the coordination of adaptive
antitumor responses (47). Nevertheless, the lack of murine
models properly reproducing the progression of colorectal
cancer across its stages of disease might explain at least in
part recent failures in translating immunotherapeutic
approaches to clinical practice. Therefore, we suggest that
TNM stage of disease should be a critical variable in the
design and the assessment of clinical trials aimed to test the

responsiveness of novel immunotherapeutic strategies in
colorectal cancer.
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