
Immunomodulatory drugs may overcome the negative prog-
nostic role of active Th17 axis in follicular lymphoma: evidence
from the SAKK35/10 trial

Follicular lymphoma (FL) is a germinal center-derived B-cell

neoplasm.1 Similar to their non-malignant counterparts, FL

cells are dependent on their tumour microenvironment

(TME), consisting of T cells, macrophages, follicular den-

dritic cells and fibroblasts. Recently, we were able to show

that the prognostic impact of different T cell subsets in FL

depends on the treatment given.2 In the present study, we

performed gene expression profiling (GEP) to further

explore the prognostic impact of the TME in FL, highlight-

ing a new and important role for the subset of T-helper

(Th) 17 T cells.

T cells constitute a major part of the FL microenviron-

ment and can basically be subdivided into cytotoxic, Th- and

regulatory T cells (Treg). The latter two subsets are impor-

tant players in the functional maintenance of germinal cen-

ters and, thus, also vital components of the TME of FL.

Special roles have already been attributed to subsets of Th

cells, the T follicular helper cells (TFH)3 and to Treg.4

Recently, in the controlled randomised clinical trial SAKK

35/10 investigating whether addition of lenalidomide (R2) to

a rituximab (R)-only regimen in treatment-na€ıve FL is bene-

ficiary,2 we showed that the TME and especially the T cells

yield prognostic impact for FL. High ratios of CD4 to CD8-

positive T cells and PD1-positive T cells were linked to

poorer progression-free survival (PFS), while higher amounts

of GATA3-positive Th2 equivalents was linked to better

PFS.5 We could also demonstrate that this impact is depen-

dent on the therapeutic regimen given, with the

immunomodulatory drug (IMID) lenalidomide overcoming

the negative impact of PD1 positive T cells while leaving the

impact of GATA3 positive T cells unaffected.

In order to investigate the role of the TME in R- and R2-

treated FL more profoundly, we performed GEP. 71 trial

cases with available tissue were included in the present study.

Details of GEP analysis and immunohistochemical staining

for retinoic-acid-receptor-related orphan nuclear receptor

gamma (RORct) to detect Th17 cells are shown in the

attached supplementary file. Cell content of TME was at least

50% in all cases, investigated to allow robustness of GEP

analysis. All clusters detected in GEP were analysed in regard

to their statistically-significant relevance for PFS.

A cluster group with low mRNA expression-levels of Th17

axis-related genes such as IL17A, B & C and IL22 (Fig 1A)

was associated with better PFS in the R-treatment arm

(median PFS 16�6 months, mean 21�2 months, 95% CI 13�5–
28�8 in the Th17 high signature group versus median PFS

24�6 months, mean 45�9 months, 95% CI 31�9–61�0 in the

Th17 low signature group; P = 0�039) (Fig 1B). Addition of

lenalidomide seemed to improve the prognosis, particularly

of this Th17 high signature group, since in the R2 cohort this

effect was not observable any more (Fig 1C). Concordantly,

respecting quantification of Th17 cell-equivalents by

immunohistochemistry (RORct) (Fig 2A), PFS improvement

was perceptible, though not reaching statistical significance,

for patients with higher amounts of RORct-positive cells

only in the R2 group (median PFS 30�7 versus 59�9 months;

P = 0�115) (Fig 2B). For other T cell- and macrophage sub-

set clusters, no statistically-significant differences regarding

PFS were seen.

Th17 cells have a well-established role in autoimmunity

and inflammatory diseases. Physiologically, these cells and

their main product, IL17A, are necessary for protection

against bacterial and fungal infections, as IL17A attracts neu-

trophils.6 IL17A can also promote the formation of germinal

centers in autoimmune disease.7 By contrast, the role of

Th17 cells in malignancies is less clear, with several studies

showing both beneficiary and adverse effects in solid

tumours. In lymphomas, the role of Th17 cells is yet not well

investigated. Duffield et al. demonstrated that Epstein-Barr

virus- (EBV) negative classic Hodgkin lymphoma (cHL) have

a distinctive Th17-accentuated TME, while EBV-positive cHL

have a Th1-primed TME.8 Another recent study in cHL

could show that Th17 cells are increased in a subset of cases,

and that soluble CD30 (CD30s) can shift the polarisation of

T cells in favor of Th17.9 Ferretti et al. showed, both in vivo

and in vitro, that IL17A promotes the growth of germinal

center derived B-cell lymphomas, including diffuse large B-

cell lymphomas (DLBCL) and FL.10 Another study in DLBCL

showed, similar to our current observations, that high levels

of IL17A promote resistance to R by suppressing p53-in-

duced apoptosis and go along with an inferior prognosis.11

In chronic lymphocytic leukaemia (CLL), higher levels of

Th17 cells were correlated with better prognosis.12

Our study sheds some new light on the role of Th17 cells

in FL. High IL17A levels seem to be related to an inferior

prognosis of FL, especially in instances treated by R alone,

and this effect seems to be overcome by IMID, as it was not

seen in the group treated with lenalidomide. On the
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contrary, in cases treated with lenalidomide, higher amounts

of Th17 cells even correlated with a better prognosis. These

findings raise the question of selective influence of IMID on

different T cell subsets. In studies investigating the effect of

lenalidomide in CLL, it was found that it induces Th17 cells

while decreasing Treg. This is thought to be the background

of the antitumour- and immunostimulating function of

lenalidomide.13

Taken together, our findings show that the prognostic

implication of Th17 cells in FL depends on the type of

treatment given. In the setting of lenalidomide, a Th17 TME

signature does not seem to negatively affect prognosis; higher

amounts of Th17 cells might even be beneficiary.13 Further

studies should take into account our immunohistochemical-

and GEP-based analysis results and investigate in vivo both

serum levels of the cytokines released by the various Th sub-

populations (and particularly by Th17 cells) and the dynamic

amounts of these populations under treatment in order to

better define the specific prognostic and predictive role of

the TME in FL.

Fig 1. (A) Cluster analysis showing two distinct subgroups in regard to differential mRNA-levels of IL17A and related molecules (left: high Th17

signature; right: low Th17 signature). The plot in the lower right shows the relative amount of mRNA of the respective gene expressed, ranging

from dark red (very low) to dark blue (very high); (B/C) Progression-free survival analysis for the impact of the two Th17 subgroups in regard

to the two treatment groups (B: R-group; C: R2-group). ]
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(A)

(B)

Fig 2. RORct-positive T cells in follicular lymphoma. (A) Scattered

RORct-positive small reactive cells are mainly found in the interfol-

licular area (immunohistochemistry and hematoxylin counterstain,

200x); (B) Progression-free survival analysis for the impact of RORct
positive T cells in the R2 group showing a trend towards improved

survival for cases with higher amounts of Th17 cells.
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