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Most of the proteins have a known role in the immune together with RIS. However, RIS had a stronger im-
system, but the majority have not been studied in the pact with an increased HR of 3.3 as compared to 2.1
context of MCL biology or treatment response. Sonbol for MIPI and 1.02 for Ki-67. As reported previously,
et al., identified IL1ra levels to be elevated in relapsedlI’P53 aberrations were not correlated to OS in uni-
MCL in comparison to healthy controls, but was not variate analysis 19|, potentially related to the fact
correlated to event-free survival in that study®]. Few that a non-chemotherapeutic regimen was used that
of the RIS proteins have been studied in MCL tumor tis- do not depend on functional p53.

sue, and thus we cannot speculate if the protein is leak- The second aim was to evaluate if risk stratification
ing from the tumour cells, or altered as a response bycould further be improved by combining information
the immune system to the tumor. However, RANTES from the RIS score with the clinically used MIPI. We
(CCL5) has been reported to be overexpressed in MCLshow that MIPI alone does not significantly stratify these
tumor tissue and MCL cell lines, tentatively playing a relapsed patients into distinct high, intermediate and
role in recruitment of T cells B3]. low risk groups. When combining RIS and MIPI scores,

Several of the other proteins are well characterized inand using optimized cut-offs, improved stratification was
relation to their role in the immune system. IL-4 is a achieved. We show that MIRL can improve separation
central hub for regulating immune behaviour and has between low, intermediate and high risk patients com-
previously been attributed to cell proliferation through pared to MIPI alone, emphasizing that non-invasive
the impact on CD40L #4]. CD40, a member of TNF re- sampling of immune-related serum proteins can be used
ceptor family plays an essential role in B cell prolifera-to improve risk stratification in relapsed/refractory MCL
tion, although its role in MCL has been under dispute patients. This newly defined index had a stronger impact
[45-47]. While some studies suggest the involvement ofthan MIPI and MIPI-b in stratification using cox ana-
CD40 in promoting MCL tumor cell proliferation, others lysis, KM survival curves, log-rank statistics and Harfell
debate the potential role in growth arresdp, 47]. concordance index.

Of interest, the transcription factor PR domain zinc Already today in the clinic, risk adapted therapy regi-
finger 14 (PRD14 or PRDM14), a regulator of pluripo- mens based on MIPI are being explored]]. In the
tency and epigenetic reprogramming in embryonic stemdiagnostic setting, low MIPI score patients are consid-
cells and germ cells48-50], has not been studied in ered for wait-and-watch strategy whereas the intermedi-
MCL, but other reports link high PRD14 to oncogenic ate or high risk group are proposed to be treated with
behaviour in several cancer types including breast cancecombination chemotherapy (CHOP) and immune
and colorectal cancerg1-56]. It has been proposed that therapy (Rituximab), dosage depending on additional
PRDM14 (corresponding gene) expression could influ- prognostic factors such ag'P53, Ki-67 etc. p1]. Thus,
ence G1/S transition thus enabling cell proliferatiod9] improving stratification through addition of biological
and facilitate cancer stem cell like properties and che-information can potentially enable better decision mak-
moresistance. Thus, inhibition oPRDM14 has also been ing for treatment regimens in both the diagnostic and
suggested as a potential target of treatment in cancerelapsed setting.
therapy B3]. Importantly, it has been shown that The potential of including information on immune-
PRDM 14 overexpression leads to lymphoma formation related proteins is increasingly important for novel treat-
in mice [57]. One of the other family membersPRDM1, ment strategies that often include immune stimulatory
is a master regulator of B-cell differentiation and acts asagents or strategies in both the diagnostic and relapsed
a tumor suppressor in DLBCL §8-60]. Potentially, it setting. Most likely, the RIS protein panel is related to
would be interesting to study’RDM 14 in MCL tissue to  the specific treatment that the patients received, and the
understand if it is expressed by the tumor cells or se-global applicability of such specific panels needs to be
creted by the immune system. investigated in cohorts of patients receiving other treat-

The first aim of the present study was to identify a ment protocols.
signature that could stratify patients according to risk.

This was assessed by calculating a patient-specifi€Conclusion

score based on the individual intensities weighted byln this proof-of concept study, we have used three
their contribution in a combined multivariate analysis. important concepts to risk-stratify patients, and enable
The patients RIS score could then be used to stratifyimproved clinical decision making through (i)
patients according to risk (OS). Additionally, we also minimally-invasive patient sampling, (ii) combined pro-
evaluated the prognostic value of established risk factein signature in contrast to single biomarkers and (iii)
tors, including proliferation and MIPI together with focus on immune-related information relevant to treat-
the RIS score. Both Ki-67 and MIPI were independ- ment outcome. We show that information from
ently associated with OS in cox multivariate analysisimmune-related proteins in serum can be used alone or
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in combination with clinical parameters to improve
stratification of patients treated with immune-
stimulatory and targeted agents.
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Additional file 1 Supplementary Table 1. Antibody clones used in
the microarray platform targeting a total of 158 unique antigens.

Additional file 2 Supplementary Figure S1. Example of an scanned
array slide. The figure is an example of one scanned subarray slide,
containing approximately ~ 190 different antibodies (half of the entire
microarray set) printed as spots in triplicates. Each replicate set is
bordered with the positive control (BSA-Biotin) and PBS was used as
negative control.

Additional file 3 Supplementary Figure S2. An overview of the
experimental and bioinformatic pipeline.

Additional file 4 Supplementary Figure S3. List of 43 analytes
associated with overall survival based on univariate cox regression
ordered as per their p-value significance. Black dots: Hazard ratio (HR) or
exp.(B) where B is the risk coefficient, orange dots: 95% lower HR limit,
blue dots: 95% higher HR limit. * Represents the marker identified by
multiple scFv clones and the arrow marks indicate the duplicate clones;
P: p-value.

Additional file 5 Supplementary Figure S4. Backward elimination
coupled with SYM and LOOCV post cox regression. A) Boxplot of the
ROC-AUC values across all 12 iterations of BE; and B) the frequency of ap-
pearance of each 43 analyte as identified previously by cox regression. In
total, 23 analytes for 22 unique serum proteins (MCP1 identified by 2
scFv's) were identified in all 12/12 iterations (as highlighted by the red
box) which were selected as the enriched panel for Cox-BE.

Additional file 6 Supplementary Figure S5. lllustration of the second
regression approach using elastic net regression (ENR). The entire
microarray panel of 371 analytes were used. A) error graph for the log
(lambda) values. B) Coefficient collapse to zero for o= 0.5, wherein only
29 analytes were eventually selected with non-zero coefficients. C) The
regressed panel of 29 parameters plotted against the ENR coefficients.
Coefficient < 0 (“Negative”) implies negative correlation to OS; Coeffi-
cient > 0 (“Positive”) implies positive correlation to OS.

Additional file 7. Supplementary materials and methods.
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