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INTRODUCTION

Sézary syndrome (SS), a rare, aggressive, leukemic
variant of cutaneous T-cell lymphoma (CTCL), com-
prises the malignant clonal proliferation of T lym-
phocytes, and is prone to skin involvement.1 Most
patients with SS are elderly, with erythroderma present
on . 80% of the body. SS is rarely curable and has
a poor prognosis; the median survival of patients with
stage IV SS is approximately 2 years.2 Recent SS
genomic profiling with next-generation sequencing
(NGS) demonstrated impaired normal signaling, which
suggests the possibility of new treatment targets.3

NGS-based genomic testing for cancer is becoming
more widespread as a clinical tool for accurate di-
agnosis and proper treatment in clinical oncology.4

However, the use of various NGS techniques to
guide cancer therapy has created challenges in an-
alyzing large volumes of genomic data and reporting
results to patients and caregivers.5 To resolve this, we
organized a clinical sequencing team called the mo-
lecular tumor board (MTB) at the Institute of Medical
Science, The University of Tokyo. Clinical sequencing
is associated with several potential challenges in
analysis, interpretation, and drug development for rare
cancers such as SS. Here, we report the use of clinical
sequencing to achieve a complete response in an
elderly patient with SS refractory to standard treatment.

CASE REPORT

A 75-year-old male was diagnosed with SS (T4N3M0B1b;
stage IVA2) in 2015. He had received various
treatments in multiple hospitals, including pred-
nisone, psoralen and ultraviolet A, extracorporeal
photopheresis, bexarotene, romidepsin, total skin
electron beam therapy, brentuximab vedotin, in-
terferon alfa-2b, methotrexate, and pembrolizumab,
but skin lesions did not respond adequately. Severe
pneumonia also occurred duringmethotrexate therapy
and was resolved by intensive care. The patient was
admitted to our hospital in November 2016. Gener-
alized erythroderma, clinical stage IIIA, was observed.
He received mogalizumab, low-dose VP-16, and local

radiation therapy. Each resulted in temporal clinical
responses, but with limited effects.

Our study protocol (No. 26-112-270402/28-17-0708;
Appendix) was approved by our institutional review
board and was in accordance with the Declaration
of Helsinki. After obtaining written informed consent,
whole-exome sequencing (WES) and RNA sequencing
were performed on skin tumor biopsy samples on
February 1, 2017, for comparisons with normal tissue,
followed by analysis by our hospital curators (Appendix
Figs A1 and A2). Specifically, from WES, 77 coding
variants were identified (Appendix Table A1). Among
these, the MTB inferred only one driver mutation in
TP53 (c.560-1G.A, splicing mutation, Appendix
Table A1) from which no actionable molecular targets
were identified. However, from RNA sequencing,
actionable molecular targets were identified. We
regarded the following gene upregulations as directly
targetable: CCR4 (mogalizumab), LCK (dasatinib),
CD274 as PD-L1 (PD-L1 inhibitors, pembrolizumab),
CTLA4 (ipilimumab), IL2RA as CD25 (denileukin dif-
titox), TNFRSF8 as CD30 (brentuximab vedotin), and
nuclear factor-κB (NF-κB) signaling pathway (Table 1).
Of note, we also inferred lenalidomide as a potential
therapeutic option on the basis of the following two
reasons: The tumor was enriched in pathways that were
all indirectly targetable by lenalidomide (eg, Kyoto
Encyclopedia of Genes and Genomes [KEGG]-NF-κB
signaling [Appendix Fig A7], KEGG-cytokine-cytokine
receptor interaction [Appendix Fig A9], andKEGG-natural
killer [NK]-cell–mediated cytotoxicity6 [Appendix Fig A8],
and KEGG-tumor necrosis factor [TNF] signal-
ing [Appendix Fig A10] on the basis of the KEGG
DRUGDatabase,7 Therapeutic Target Database8), and
documented efficacy of lenalidomide was reported in
patients with CTCL with overall response rates of
28% in a phase II trial of monotherapy for refractory
SS9 and a phase III trial of maintenance therapy.10

Mogalizumab, pembrolizumab, and brentuximab
vedotin had already been used during the patient’s
protracted clinical course. Denileukin diftitox was
excluded because the latest immunohistochemical
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analysis of the patient’s lesions showed that they were
CD25−. The two remaining candidates were ipilimumab
and lenalidomide. The patient was reluctant to receive
ipilimumab because its mechanism of action is similar to
that of pembrolizumab. Therefore, we focused on lenali-
domide as a therapeutic option.

To identify any potential predictive signatures of response
to lenalidomide therapy in this patient, we investigated
whether there could be any overlapping lenalidomide-
related gene signatures in our in-house, independent
RNA sequencing data set (Appendix Figs A2-A5). Spe-
cifically, we focused on available data from patients with
adult T-cell leukemia/lymphoma (ATL), another mature/
peripheral T-cell neoplasm in which lenalidomide dem-
onstrated clinical efficacy with an overall response rate of
42% in a phase II study (ATLL-002 [ClinicialTrials.gov
identifier: NCT01724177]). Gene expression data from
tumors of two patients with ATL before lenalidomide
therapy were available for this purpose; one patient (unique
patient number [UPN] 1) had an objective response to
lenalidomide therapy, whereas the other patient (UPN2)
was primarily refractory to lenalidomide (the patient char-
acteristics are listed in Appendix Table A2). To identify
molecular signatures associated with lenalidomide re-
sponse and to reduce bias derived from different dis-
eases, such as ATL, we extracted differentially expressed
genes from the tumor of UPN1 (responsive ATL case)
compared with expression levels in the tumor from UPN2
(refractory ATL case). Overall, we found 1,250 and 1,197
genes upregulated in CTCL and the current ATL case,
respectively.

KEGG pathway enrichment on the basis of the DAVID
annotation tool revealed that 73 and 88 pathways were
enriched in CTCL and ATL, respectively (Appendix Fig A3;
Appendix Table A3). Among common pathways (n = 52),
we identified HTLV-1 and lenalidomide target signatures
(Appendix Fig A3, A7-A10; Appendix Table A3). Gene set
enrichment analysis (GSEA) of panels of curated gene sets
related to lenalidomide confirmed the enrichment of a
signature predictive of response to lenalidomide in both

CTCL and ATL. In contrast, neither signature of resistance
was enriched in CTCL and ATL (Table 2). On the basis of
these predictive signatures and documented efficacy in
patients with CTCL,9,10 we chose lenalidomide.

Beginning on September 11, 2017, lenalidomide was orally
administered at a daily dose of 25 mg for 21 days of a
28-day cycle while the patient had clinical stage IIB disease
(Fig 1A). After the first course of treatment, all skin tumors
disappeared except for one on his sternal region (Fig 1B). In
addition, a transient flare reaction (TFR) that presented as
erythema around skin tumors was observed during the first
course (Fig 1C). Aspiration pneumonia developed at the
end of the first course, and thus, the dosage of the second
course was reduced to 10 mg daily; it was subsequently
increased by 5 mg every cycle to a maximum of 20 mg
daily. We extended the interval course from 1 to 2 weeks
according to the patient’s status. Although new lesions
disappeared after three courses of treatment, a 9-cm
sternal tumor remained, but it was smaller than its pre-
vious size. It was later irradiated with 20 Gy in December
2017. The fifth course of lenalidomide was completed on
February 3, 2017, and all tumors, including sternal lesions,
disappeared completely (Fig 1D).

Upon immunohistochemical analysis of tumor specimens
before and after lenalidomide treatment, a remarkable
number of CD8+ cells and few CD25+ and Foxp3+ cells were
observed in each skin tumor (Appendix Table A4; Appendix
Fig A6). Especially, the number of CD8+ cells after the first
course increased compared with that before the treatment
but decreased in the treatment-resistant lesion after the
third course of lenalidomide.

DISCUSSION

To our knowledge, this report is the first of successful
clinical results in a patient with refractory SS treated with
lenalidomide, which was selected on the basis of clinical
sequencing. Advances in clinical sequencing have enabled
the discovery of actionable alterations that yield clinical
benefit.11 Patients with advanced-stage SS have an un-
favorable prognosis and an unmet clinical need for effective

TABLE 1. Actionable Alterations With Drug
Upregulated Gene Drug Reason of the Exclusion

CCR4 Mogalizumab Drug resistance

LCK Dasatinib Lack of clinical evidence

PDL1 PD-L1 inhibitor Drug resistance

CTLA4 Ipilimumab Lack of consent

CD25 Denileukin diftitox Lack of expression by immunohistochemistry

CD30 Brentuximab vedotin Drug resistance

Activated signaling pathway

NF-κB Lenalidomide MTB recommendation

NOTE. See also Table 2. Candidate genes and drugs selected by the MTB proposed the activated NF-κB pathway on the basis of gene set enrichment
analysis results. The attending physician chose lenalidomide (off-label use) from this report.
Abbreviations: MTB, molecular tumor board; NF-κB, nuclear factor-κB.
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treatment. Overall survival has not been shown to benefit
from aggressive intervention with cytotoxic agents because
of serious treatment-associated toxicities, including pro-
longed myelosuppression. An increased understanding of
the pathogenesis of SS, with the identification of new tar-
gets, has led to new therapeutic approaches with biologic
agents to reduce treatment-related toxicities and improve
outcomes.1

The rationale for lenalidomide selection by the MTB was
based on five factors. First, lenalidomide binds the cullin
4-RING-E3 ubiquitin ligase cereblon complex and de-
grades lymphoid transcription factors IKZF1 and IKZF3,
leading to a decrease in NF-κB.12 Second, activated tumor
necrosis factor signaling, known as a lenalidomide-target
pathway in the KEGG DRUG database, was detected in the
tumor, which is also considered targetable by lenalidomide
on the basis of our in-house data, UPN1. Third, a phase II
trial of lenalidomide monotherapy for advanced refractory
CTCL reported reliable and meaningful clinical benefits; in
that trial, lenalidomide-induced TFR was correlated with

good clinical response in patients with SS, which suggests
that mechanisms that underlie this reaction might repre-
sent specific anticancer immune responses.9 Indeed, in the
current patient, immune response to cancer was consid-
ered to be induced by lenalidomide as shown by the ap-
pearance of TFR (Fig 1C). Immunohistochemical staining
showed that CD8+ cells in the tumor after the appearance of
TFR were increased after lenalidomide treatment. Fourth,
lenalidomide exerts immunomodulatory effects, such as
NK- and T-cell activation and the induction of T-helper
1 cytokine production and cytotoxic activity; it also alters
the tumor microenvironment through its anti-angiogenic,
antiproliferative, and pro-apoptotic properties.13 These char-
acteristics provided the rationale for using this agent in
our elderly patient with SS with susceptibility to infection.
Actually, NK-cell–mediated cytotoxicity and cytokine-
cytokine receptor interactions were enriched in the tu-
mor before lenalidomide treatment. In addition, the fre-
quencies of circulating NK cells and CD3+CD8+ T cells
increased after the administration of lenalidomide compared

TABLE 2. Lenalidomide-Related Gene Sets and Annotations

Lenalidomide-Related Gene Sets and Annotations Current Patient

A Lenalidomide-
Responsive Patient

With ATL

Gene Set
Gene
Size Signature Reference NES P FDR q NES P FDR q

HINATA_NFKB_IMMU_INF 17 Lenalidomide-responsive/
target pathway

TTD8, KEGG DRUG/
pathway7

1.88 .004 0.008 1.55 .027 0.013

TIAN_TNF_SIGNALING_VIA_NFKB 25 Lenalidomide-responsive/
target pathway

TTD8, KEGG DRUG/
pathway7

1.67 .005 0.025 1.36 .029 0.046

KEGG_NF-kappa_B_signaling_pathway 102 Lenalidomide-responsive/
target pathway

TTD8, KEGG DRUG/
pathway7

1.93 .000 0.005 1.38 .017 0.033

KEGG_CYTOKINE_CYTOKINE_RECEPTOR_
INTERACTION

249 Lenalidomide-responsive/
target pathway

TTD8, KEGG DRUG/
pathway7

1.75 .000 0.005 1.58 .000 0.009

KEGG_NATURAL_KILLER_CELL_MEDIATED_
CYTOTOXICITY

130 Lenalidomide-responsive/
target pathway

TTD8, KEGG DRUG/
pathway7

1.73 .000 0.005 1.45 .003 0.018

KEGG_APOPTOSIS 86 Lenalidomide-responsive/
target pathway

TTD, KEGG DRUG/
pathway

1.44 .004 0.023 1.18 .118 0.114

Aue_CLL_lenalidomide_target_Th1immunity_
TableS1

155 Lenalidomide-responsive/
target pathway

Aue17 1.93 .000 0.009 1.94 .000 0

Bhutani_myeloma_lenalidomide_target_
genes_TableS2

147 Lenalidomide-responsive/
target pathway

Bhutani18 1.22 .035 0.104 1.60 .000 0.009

E2F3_UP.V1_UP 186 Lenalidomide resistance Neri19 1.23 .029 0.284 NE

KRAS.600.LUNG.BREAST_UP.V1_UP 271 Lenalidomide resistance Neri19 1.23 .320 0.220 1.42 0.062

KRAS.KIDNEY_UP.V1_UP 139 Lenalidomide resistance Neri19 NE NE

KRAS.LUNG_UP.V1_UP 136 Lenalidomide resistance Neri19 1.44 .005 0.206 1.00 .452 0.486

RAF_UP.V1_DN 183 Lenalidomide resistance Neri19 NE 1.12 .181 0.358

MEK_UP.V1_DN 182 Lenalidomide resistance Neri19 NE 1.03 .388 0.445

RPS14_DN.V1_DN 179 Lenalidomide resistance Neri19 1.12 .109 0.333 NE

AKT_UP_MTOR_DN.V1_DN 173 Lenalidomide resistance Neri19 NE 1.12 .217 0.334

STK33_DN 256 Lenalidomide resistance Neri19 NE 1.33 .004 0.103

Abbreviations: ATL, adult T-cell leukemia/lymphoma; FDR, false discovery rate; KEGG, Kyoto Encyclopedia of Genes and Genomes; NE, not enriched; NES,
normalized enrichment score; TTD, Therapeutic Target Database.
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with those at first treatment (Appendix Fig A11). In
contrast, the frequency of effector regulatory T cells did
not increase (Appendix Fig A11). These findings were
similar to those described in the immunohistochemistry
(Appendix Fig A6). These immunologic changes might
have induced anticancer effects9 and prevented severe
infection.14 Finally, the Japanese national health in-
surance system has already approved lenalidomide for the
treatment of myelodysplastic syndrome, refractory/relapse
multiple myeloma, and ATL.

Lenalidomide did not adequately treat the patient’s bulky
sternal mass. Acquired lenalidomide resistance is con-
sidered to be caused by reduced levels of tumor cell
cereblon protein because of epigenetic modifications of
the cereblon promotor region, cereblon gene mutations or

chromosomal deletions, or acquired cereblon pathway mu-
tations and detects in other components of the E3 ligase
complex.15 Another possible reason is that the delivery of
lenalidomide to the tumor was hindered by the abundant
surrounding interstitial tissue and the immunosuppressive
tumor microenvironment.16

In the near future, clinical sequencing will support clinical
decisions with regard to appropriate treatments for patients
with rare and refractory cancers. In addition, clinical se-
quencing on the basis of a combination of several NGS
techniques might be particularly useful in identifying ap-
propriate treatment options. This case report is the first to
our knowledge of the use of clinical sequencing to iden-
tify a successful treatment strategy for a patient with
refractory SS.
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FIG 1. Changes in the patient’s skin lesions during lenalidomide treatment. (A) The skin lesions on the trunk and
arms before lenalidomide treatment. (B) After the first treatment course, almost all skin lesions except for that on
the patient’s sternal region disappeared. (C) Documented transient flare reaction presented as erythema around
skin lesions. (D) All lesions, including the sternal lesion, disappeared after the fifth cycle.
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APPENDIX

Materials and Methods

Patients and samples. Our study protocol was approved by our
institutional research ethics committee and was in accordance with the
Declaration of Helsinki. Three patients were recruited for our study, all
of whom provided written informed consent. The characteristics of two
reference patients with adult T-cell leukemia/lymphoma (ATL) are
listed in Table A2. The following samples were collected: (1) the tumor
(cutaneous T-cell lymphoma [CTCL]), patient’s skin tumor sample
before lenalidomide therapy, and control (CTCL), patient’s tumor-free
normal skin lesion, which had been histologically confirmed, and (2)
the tumor (ATL), tumor-rich peripheral blood mononuclear cells
(PBMNCs) before lenalidomide therapy in a patient with ATL(unique
patient number 1 [UPN1]) for whom clinical partial response was
observed under lenalidomide therapy, and control (ATL), tumor-rich
PBMNCs before lenalidomide therapy in another patient with ATL
(UPN2) for whom no objective response had been observed with
lenalidomide therapy.

Extraction of DNA and RNA. DNA was extracted using the Gentra
Puregene Blood Kit and the QIAamp Circulating Nucleic Acid Kit
(QIAGEN, Hilden, Germany). DNA was quantified using the Qubit
dsDNA HS Assay Kit (Life Technologies, Carlsbad, CA). Total RNA was
extracted using the RNeasy Mini Kit (QIAGEN).

Whole-exome sequencing. To identify driver mutations, we per-
formed whole-exome sequencing (WES). Libraries were prepared from
200 ng of paired DNA (tumor/control) using SureSelectXT Human All
Exon V5 (Agilent Technologies, Santa Clara, CA). WES was performed
on the basis of 2× 100-base pair (bp) paired-end reads on the NextSeq
500 platform with NextSeq 500/550 Kit v2 chemistry (Illumina, San
Diego, CA). All procedures were performed according to the manu-
facturers’ protocols.

Somatic variant calling and subsequent primary filtering of
WES data. We used human genome build 19 as the reference
sequence for our analysis. Primary processing of sequencing data was
performed using our in-house software. Single nucleotide variants
were identified using Genomon2 (http://genomon.hgc.jp/exome/en/)
with default parameters. All variant calls were annotated with
ANNOVAR (using an in-house annotation database resource). The
Integrative Genomics Viewer (IGV) version 2.3.57 (https://software.
broadinstitute.org/software/igv/download) was used to visualize and
inspect the read alignments and variant calls. For our analysis, the
databases used to annotate variants included the following: RefSeq
(http://www.ncbi.nlm.nih.gov/RefSeq/), the 1000 Genomes Project
as of August 2015 (http://www.internationalgenome.org/data),
dbSNP131 (http://www.ncbi.nlm.nih.gov/projects/SNP/), ToMMo
version 1 (https://ijgvd.megabank.tohoku.ac.jp/), the Human Genetic
Variation Database as of October 2013 (http://www.hgvd.genome.
med.kyoto-u.ac.jp/), ClinVar as of June 2015 (https://www.ncbi.nlm.
nih.gov/clinvar/), the Human Gene Mutation Database Professional as
of March 2015 (http://www.hgmd.cf.ac.uk/ac/index.php), the cBio-
Portal for Cancer Genomics as of September 2015 (http://cbioportal.
org), the TumorPortal as of September 2015 (http://www.tumorportal.
org/), the Catalogue of Somatic Mutations in Cancer (COSMIC) version
70 (http://cancer.sanger.ac.uk/cosmic), and the International Cancer
Genome Consortium Data Portal (https://dcc.icgc.org/). The compu-
tational algorithms Sorting Intolerant From Tolerant (http://sift-dna.org)
and PolyPhen-2 (http://genetics.bwh.harvard.edu/pph2/) were used to
predict whether mutations were damaging. Synonymous or noncoding
variants were excluded, and single nucleotide polymorphisms (SNPs;
minor allele frequency . 1%) reported to be present in either of the
aforementioned SNP databases were automatically excluded, unless
they were recurrently (three or more times) found in the COSMIC
database. Copy number variation analysis was performed using CNVkit
version 0.8.2 software (E. Talevich, University of Southern California,
San Francisco, San Francisco, CA), and the data were filtered on the
basis of the following parameters: log2 ≥ 0.6 or log2 ≤ −1 and read

depth . 10. Upon somatic mutation calling followed by a primary
filtering step, the list of variants was stored in a variant calling file format
(.vcf). Gene-level copy number alterations, as a log2 ratio of tumor to
normal, were also stored in text format (.log2).

Identification of putative driver mutations fromWES data. We
classified variants into three tiers. We regarded tier 1 mutations as
definitive driver mutations. Briefly, tier 1 included definitive driver
mutations with abundant evidence in the literature and/or cancer
mutation databases with a variant frequency (VAF) of ≥ 5%. Tier
2 included mutations with a little or no evidence in the literature and/or
databases, namely, uncertain/unclassified significance, with VAF
≥ 5%. Tier 3 included all remaining variants. The selection of mutation
criteria for tier 1 was as follows: all changes in the amino acid coding
regions of annotated exons that were frequently (at least three times)
reported in hematopoietic tumor samples in the COSMIC database
(version 71) or all predictive, highly deleterious variants (in consensus
splice site regions, frameshift mutations, any premature predicted
truncation mutation, or large in-frame insertions/deletions) in non-
Hodgkin lymphoma or CTCL-associated genes, according to previous
studies (Ungewickell A, et al: Nat Genet 47:1056-1060, 2015; Choi J,
et al: Nat Genet 47:1011-1019, 2015; Lohr JG, et al: Proc Natl Acad
Sci U S A 109:3879-3884, 2012). Curated tier 1-2 somatic mutations
are listed in Table A1.

RNA Sequencing

We used the following RNA samples: the tumor (CTCL), patient’s skin
tumor sample before lenalidomide therapy; control (CTCL), and pa-
tient’s tumor-free normal skin lesion; the tumor (ATL) and tumor-rich
PBMNCs in lenalidomide-responsive ATL (UPN1); and the control
(ATL) and tumor-rich PBMNCs in lenalidomide-primary refractory ATL
(UPN2). cDNA libraries for next-generation sequencing were con-
structed from 100 ng of total RNA using TruSeq RNA Access Library
Prep Kit (Illumina). Each paired end–indexed library was sequenced to
a length of 75 nucleotides per pair (2 × 75 bp) using a NextSeq in-
strument. Sequence reads were processed by our in-house Genomon-
RNA/Genomon-expression pipeline (Shiraishi Y, et al: PLoS One 9:
e114263, 2014; http://genomon.hgc.jp/rna/). IGV version 2.3.57 was
used to visualize the mapped sequence. For gene expression, frag-
ments per kilobase of gene model per million mapped read (FPKM)
values were calculated and used.

To investigate any changes in gene expression in a certain enriched
pathway involved in the clinical features of the current patient with
CTCL, as well as the reference patients with ATL, we used the online
DAVID tool version 6.8 (https://david.ncifcrf.gov/) and gene set en-
richment analysis (GSEA) with FPKMmetrics at the gene level (tumor v
control). For DAVID-based pathway analysis, upregulated genes rel-
ative to expression in the control (fold-change ≥ 2 and with a cutoff
value of FPKM ≥ 10) were stored in comma-separated value format
(.csv) and inputted into the web-based interface of DAVID. These
outputs were reviewed, and significantly enriched Kyoto Encyclopedia
of Genes and Genomes (KEGG) pathways are listed in Table A3. The
four significant lenalidomide-target pathways were also visualized
using Pathview (https://pathview.uncc.edu/) and displayed in Figures
A7-A10. For GSEA, a stand-alone application was used (Broad In-
stitute, Cambridge, MA; http://broadinstitute.org/gsea/index.jsp) with
the MSIGDB library version 7.1 as well as in-house–created gene sets
that were based on a false discovery rate threshold of q , 0.05.

Immunohistochemistry

Formalin-fixed paraffin embedded tissue sections of 3-μm thick-
ness were deparaffinized in xylene and rehydrated in a series of
graded alcohols and heated in an antigen retrieval solution at pH
9.0 (Vector Laboratories, Burlingame, CA) for 10 minutes at 120°C.
Endogenous peroxidase was blocked by incubation with 3% hy-
drogen peroxidase for 5 minutes at room temperature. Next,
sections were incubated with the following primary antibodies for
30 minutes at 37°C: CD4 (clone EPR6855, dilution 1:250; Abcam,
Cambridge, United Kingdom), CD8 (clone SP16, dilution 1:100;
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Abcam), CD25 (clone 305, dilution 1:80; Leica Biosystems,
Newcastle, United Kingdom), and Foxp3 (clone SP97, dilution 1:
80; Abcam). After washing, sections were treated with secondary
antibody (EnVision+ Dual Link System-HRP; Dako, Glostrup,
Denmark) for 30 minutes at 37°C. To visualize antigen-antibody

complex, EnVision+ DAB kit (Dako) was used, and then sections
were counterstained in hematoxylin. Normal lymph node was
placed on the same slide glass as a positive control, and negative
controls were used in phosphate-buffered saline instead of the
primary antibodies.

Tumor DNA
skin tumor

Control DNA
normal tumor

Somatic mutation call by
Genomon pipeline

Copy number alteration
call by CNVkit pipeline

1. Variants

.vcf file

2. Copy number alterations

.log2 file

Annotation by ANNOVAR
with in-house medical
informatics pipeline

Curation of candidate
genes

MTB
Actionable gene alteration

WES on NextSeq
(Illumina)

FIG A1. Flowchart of whole-exome sequencing. MTB,
molecular tumor board; vcf, variant calling file; WES, whole
exome sequencing.
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Curation of candidate genes

Identification of lenalidomide
target signature

Prediction of lenalidomide
Response in current patient

with CTCL

MTB
Actionable gene alteration

Tumor RNA-seq
lenalidomide-
responsive ATL 
(UPN1) PBMNC

Control RNA-seq
lenalidomide-
refractory ATL 
(UPN2) PBMNC

Tumor RNA
skin tumor

Control RNA
normal tumor

Present CTCL case

RNA-seq on NextSeq
(Illumina)

Transcript assembly/quantification (FPKM)
by Genomon RNA

Differential gene expression
  Fold change ≥ 2
  Tumor (or control) FPKM ≥10
   .dge file

Exploring overlapping lenalidomide 
target
Signature in in-house RNA-seq data:
A lenalidomide-responsive patient 
with ATL (Fig A3)

Functional–annotation/pathway analysis

 GSEA
 DAVID

FIG A2. Flow of overall RNA sequencing. ATL, adult T-cell leukemia/lymphoma; CTCL, cutaneous T-cell lymphoma;
.dge, digital gene expression; FPKM, fragments per kilobase of gene model per million mapped read; GSEA, gene set
enrichment analysis; Len, lenalidomide; MTB, molecular tumor board; PBMNC, peripheral blood mononuclear cell;
RNA-seq, RNA sequencing; UPN, unique patient number.
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RNA-seq: tumor v control

Differential gene expression,

upregulated in tumor (v control):

1,250 genes (patient with CTCL) 1,197 genes (patient with ATL)

Pathway analysis by DAVID (KEGG pathway)

Curation of overlapping KEGG pathways

1. Lenalidomide target pathway in KEGG-DRUG/pathway

KEGG_NF-kappa_B_signaling_pathway

KEGG_CYTOKINE_CYTOKINE_RECEPTOR_INTERACTION

KEGG_NATURAL_KILLER_CELL_MEDIATED_CYTOTOXICITY

KEGG_APOPTOSIS

2. HTLV-1 signature

KEGG_HTLV-1 infection

  Identification of HTLV-1 + lenalidomide target pathway

  Confirmation of lenalidomide target signature by GSEA analysis

Current patient with CTCL

73 52 88

Patient with ATL

FIG A3. Flow chart of overlapping lenalidomide (Len) target signature
discovery. ATL, adult T-cell leukemia/lymphoma; CTCL, cutaneous
T-cell lymphoma; GSEA, gene set enrichment analysis; KEGG, Kyoto
Encyclopedia of Genes and Genomes; RNA-seq, RNA sequencing.
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FIG A4. Lenalidomide-target signature enriched in cutaneous T-cell lymphoma (CTCL) on the basis of gene set enrichment analysis (GSEA; related to
Table 1). Enrichment plots and heat maps from GSEA in the patient. GSEA of the tumor disclosed significant enrichment of nuclear factor-κB (NF-κB)
pathways, including that of a custom gene set, GEORG ETALJOURNALOFIMMUNOLOGYTABLES2_LENALIDOMIDE-CLL_ALL_DAY8TODAY0, on the basis
of the report and Supplementary Table 2 by Aue et al17 as follows: NATURAL_KILLER_CELL_MEDIATED_CYTOTOXICITY from the MSIGDB library,
CYTOKINE_CYTOKINE_RECEPTOR_INTERACTION from the MSIGDB library, TIAN_TNF_SIGNALING_VIA_NFKB and APOPTOSIS from the MSIGDB
library, and a custom gene set, LANCETHEMATOLOGYTABLES2_ALL, on the basis of the report and Supplementary Table 2 by Bhutani et al18. Red indicates
that gene expression increased compared with that in control. Blue indicates that gene expression decreased compared with that in control. KEGG, Kyoto
Encyclopedia of Genes and Genomes.
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FIG A5. Lenalidomide-target signature enriched in adult T-cell leukemia/lymphoma (ATL) on the basis of gene set enrichment analysis (GSEA; related to
Table 1). Enrichment plots and heat maps from GSEA of ATL. In relation to Fig A4, GSEA of the tumor disclosed significant enrichment of nuclear factor-κB
(NF-κB) pathways, including the gene sets of NATURAL_KILLER_CELL_MEDIATED_CYTOTOXICITY, CYTOKINE_CYTOKINE_RECEPTOR_INTERACTION,
TIAN_TNF_SIGNALING_VIA_NFKB, APOPTOSIS and custom gene sets on the basis of the report and Appendix Table A2 by Aue et al17 and Bhutani et al18.
Red indicates that gene expression increased compared with that in the control. Blue indicates that gene expression decreased compared with that in the
control. KEGG, Kyoto Encyclopedia of Genes and Genomes.
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IHG

FIG A6. Histologic and immunohistochemical analysis of tumor specimens before and after the lenalidomide
treatment. Hematoxylin and eosin staining and anti-CD8 and anti-Foxp3 antibody staining of tumor cells and
lymphocytes (A, D, and G) before the lenalidomide treatment, (B, E, and H) in a tumor showing good response after
the first course, and (C, F, and I) in a tumor showing a poor response after three courses of lenalidomide. (D and E) A
remarkable number of CD8+ cells are shown, whereas (G, H, and I) few Foxp3+ cells were observed in each tumor.
The number of CD8+ cells after the first course of lenalidomide was increased compared with that (E) before
treatment but was decreased in the poorly responding lesion (F) after the third course of lenalidomide.
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FIG A7. Lenalidomide target pathway: nuclear factor-κB (NF-κB) signaling pathway. (A) Cutaneous T-cell lym-
phoma. (B) Adult T-cell leukemia/lymphoma. Green gradient colors indicate downregulation of the gene, and red
colors indicate upregulation of the gene relative to the control sample. BCR, B-cell receptor; H/R, hypoxia/re-
oxygenation; IL, interleukin; KEGG, Kyoto Encyclopedia of Genes and Genomes; LPS, lipopolysaccharide; MHC,
major histocompatibility complex; TCR, T-cell receptor; TNF-α, tumor necrosis factor-α; UV, ultraviolet.
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FIG A8. Lenalidomide target pathway: natural killer (NK)-cell–mediated cytotoxicity. (A) Cutaneous T-cell lymphoma. (B)
Adult T-cell leukemia/lymphoma. Green gradient colors indicate downregulation of the gene, and red colors indicate
upregulation of the gene relative to the control sample. JAK-STAT, Janus kinase–signal transducers and activators of
transcription; KEGG, Kyoto Encyclopedia of genes and genomes; MAPK, mitogen-activated protein kinase; MCMV, murine
cytomegalovirus; MHC, major histocompatibility complex.
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FIG A9. Lenalidomide target pathway: cytokine-cytokine receptor interaction. (A) Cutaneous T-cell lymphoma. (B) Adult T-cell
leukemia/lymphoma. Green gradient colors indicate downregulation of the gene, and red colors indicate upregulation of the
gene relative to the control sample. IFN, interferon; IL, interleukin; KEGG, Kyoto Encyclopedia of genes and genomes; TGF-β,
transforming growth factor-β; TNF, tumor necrosis factor.
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FIG A10. Lenalidomide target pathway: tumor necrosis factor (TNF) signaling pathway. (A) Cutaneous T-cell lymphoma. (B)
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upregulation of the gene relative to the control sample. KEGG, Kyoto Encyclopedia of genes and genomes; MAPK, mitogen-
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TABLE A2. Clinical Characteristics of the Two Patients With ATL in the Study

UPN Diagnosis ATL-PI Sex Age (years) Clinical Stage Best Clinical Response to Lenalidomide
Lenalidomide Dose at
Best Response (mg)

1 ATL, acute type Intermediate Male 67 IV PR 20

2 ATL, acute type Intermediate Female 58 IV PD 20

Abbreviations: ATL, adult T-cell leukemia/lymphoma; PI, prognostic index; PR, partial response; PD, progressive disease; UPN, unique patient number.
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TABLE A3. Result of KEGG Pathway Enrichment Analysis of CTCL and ATL by DAVID
Sample Category Term No. % P Benjamini

ATL KEGG_PATHWAY Acute myeloid leukemia 15 1.3 2.20E-04 1.90E-03

CTCL KEGG_PATHWAY African trypanosomiasis 7 0.6 6.50E-02 2.30E-01

ATL KEGG_PATHWAY African trypanosomiasis 8 0.7 2.10E-02 7.70E-02

CTCL KEGG_PATHWAY Alcoholism 56 4.5 7.60E-18 9.80E-16

ATL KEGG_PATHWAY Allograft rejection 15 1.3 1.10E-06 1.90E-05

CTCL KEGG_PATHWAY Allograft rejection 18 1.4 2.70E-09 7.00E-08

ATL KEGG_PATHWAY Amino sugar and nucleotide sugar metabolism 10 0.8 2.00E-02 7.70E-02

CTCL KEGG_PATHWAY Amoebiasis 16 1.3 4.40E-02 1.70E-01

ATL KEGG_PATHWAY Amoebiasis 20 1.7 1.70E-03 1.00E-02

ATL KEGG_PATHWAY Amyotrophic lateral sclerosis 11 0.9 9.50E-03 4.20E-02

ATL KEGG_PATHWAY Antigen processing and presentation 20 1.7 1.70E-05 2.00E-04

CTCL KEGG_PATHWAY Antigen processing and presentation 26 2.1 2.60E-09 7.60E-08

ATL KEGG_PATHWAY Apoptosis 10 0.8 8.50E-02 2.40E-01

CTCL KEGG_PATHWAY Apoptosis 14 1.1 2.40E-03 1.50E-02

ATL KEGG_PATHWAY Asthma 12 1.0 2.20E-05 2.50E-04

CTCL KEGG_PATHWAY Asthma 14 1.1 4.90E-07 5.50E-06

ATL KEGG_PATHWAY Autoimmune thyroid disease 15 1.3 9.20E-05 9.30E-04

CTCL KEGG_PATHWAY Autoimmune thyroid disease 20 1.6 3.20E-08 5.40E-07

ATL KEGG_PATHWAY B-cell receptor signaling pathway 15 1.3 2.00E-03 1.20E-02

CTCL KEGG_PATHWAY B-cell receptor signaling pathway 18 1.4 6.90E-05 5.00E-04

CTCL KEGG_PATHWAY Bacterial invasion of epithelial cells 15 1.2 7.40E-03 3.90E-02

ATL KEGG_PATHWAY Bladder cancer 11 0.9 2.10E-03 1.20E-02

ATL KEGG_PATHWAY Cell adhesion molecules 23 1.9 5.10E-03 2.40E-02

CTCL KEGG_PATHWAY Cell adhesion molecules 36 2.9 1.10E-08 2.60E-07

CTCL KEGG_PATHWAY Cell cycle 31 2.5 2.00E-07 2.40E-06

ATL KEGG_PATHWAY Central carbon metabolism in cancer 11 0.9 4.70E-02 1.50E-01

CTCL KEGG_PATHWAY Chagas disease (American trypanosomiasis) 17 1.4 1.90E-02 8.50E-02

ATL KEGG_PATHWAY Chagas disease (American trypanosomiasis) 22 1.8 1.80E-04 1.60E-03

ATL KEGG_PATHWAY Chemokine signaling pathway 37 3.1 2.90E-06 4.00E-05

CTCL KEGG_PATHWAY Chemokine signaling pathway 39 3.1 5.30E-07 5.80E-06

ATL KEGG_PATHWAY Chronic myeloid leukemia 16 1.3 1.10E-03 6.70E-03

ATL KEGG_PATHWAY Collecting duct acid secretion 8 0.7 6.80E-03 3.10E-02

CTCL KEGG_PATHWAY Colorectal cancer 10 0.8 9.10E-02 2.90E-01

ATL KEGG_PATHWAY Colorectal cancer 12 1.0 1.60E-02 6.40E-02

ATL KEGG_PATHWAY Complement and coagulation cascades 13 1.1 1.40E-02 5.90E-02

ATL KEGG_PATHWAY Cytokine-cytokine receptor interaction 31 2.6 2.90E-02 1.00E-01

CTCL KEGG_PATHWAY Cytokine-cytokine receptor interaction 38 3.0 6.10E-04 4.00E-03

CTCL KEGG_PATHWAY Cytosolic DNA-sensing pathway 11 0.9 5.10E-02 1.90E-01

CTCL KEGG_PATHWAY DNA replication 16 1.3 1.20E-07 1.60E-06

ATL KEGG_PATHWAY Dorsoventral axis formation 6 0.5 7.90E-02 2.30E-01

ATL KEGG_PATHWAY Endocytosis 30 2.5 4.30E-02 1.40E-01

CTCL KEGG_PATHWAY Endocytosis 32 2.6 1.90E-02 8.70E-02

ATL KEGG_PATHWAY Endometrial cancer 11 0.9 1.20E-02 5.20E-02

ATL KEGG_PATHWAY Epithelial cell signaling in Helicobacter pylori infection 14 1.2 4.30E-03 2.20E-02

(Continued on following page)
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TABLE A3. Result of KEGG Pathway Enrichment Analysis of CTCL and ATL by DAVID (Continued)
Sample Category Term No. % P Benjamini

ATL KEGG_PATHWAY Epstein-Barr virus infection 25 2.1 1.00E-04 9.80E-04

CTCL KEGG_PATHWAY Epstein-Barr virus infection 35 2.8 5.60E-10 2.10E-08

ATL KEGG_PATHWAY ErbB signaling pathway 14 1.2 3.60E-02 1.20E-01

ATL KEGG_PATHWAY Estrogen signaling pathway 14 1.2 8.40E-02 2.40E-01

CTCL KEGG_PATHWAY Fanconi anemia pathway 9 0.7 9.00E-02 2.90E-01

CTCL KEGG_PATHWAY Fcε RI signaling pathway 14 1.1 5.60E-03 3.10E-02

ATL KEGG_PATHWAY Fcε RI signaling pathway 14 1.2 5.00E-03 2.40E-02

CTCL KEGG_PATHWAY Fcγ R-mediated phagocytosis 18 1.4 8.50E-04 5.50E-03

ATL KEGG_PATHWAY Fcγ R-mediated phagocytosis 23 1.9 1.60E-06 2.50E-05

CTCL KEGG_PATHWAY Focal adhesion 26 2.1 6.00E-02 2.20E-01

ATL KEGG_PATHWAY Focal adhesion 26 2.2 5.20E-02 1.60E-01

ATL KEGG_PATHWAY FoxO signaling pathway 20 1.7 2.20E-02 7.90E-02

ATL KEGG_PATHWAY Galactose metabolism 9 0.8 3.20E-03 1.70E-02

ATL KEGG_PATHWAY Glioma 12 1.0 2.30E-02 8.20E-02

ATL KEGG_PATHWAY Glutathione metabolism 12 1.0 3.60E-03 1.80E-02

ATL KEGG_PATHWAY GnRH signaling pathway 13 1.1 9.30E-02 2.60E-01

ATL KEGG_PATHWAY Graft-v-host disease 15 1.3 2.00E-07 5.30E-06

CTCL KEGG_PATHWAY Graft-v-host disease 16 1.3 2.80E-08 5.70E-07

ATL KEGG_PATHWAY Hematopoietic cell lineage 20 1.7 1.30E-04 1.10E-03

CTCL KEGG_PATHWAY Hematopoietic cell lineage 22 1.8 1.40E-05 1.10E-04

CTCL KEGG_PATHWAY Hepatitis B 24 1.9 3.70E-03 2.10E-02

ATL KEGG_PATHWAY Hepatitis B 29 2.4 3.80E-05 4.00E-04

ATL KEGG_PATHWAY Hepatitis C 21 1.8 1.00E-02 4.40E-02

ATL KEGG_PATHWAY Herpes simplex infection 35 2.9 1.40E-05 1.60E-04

CTCL KEGG_PATHWAY Herpes simplex infection 42 3.4 1.20E-08 2.60E-07

ATL KEGG_PATHWAY HIF-1 signaling pathway 20 1.7 4.80E-04 3.50E-03

ATL KEGG_PATHWAY HTLV-1 infection 37 3.1 2.00E-03 1.20E-02

CTCL KEGG_PATHWAY HTLV-1 infection 62 5.0 9.90E-14 6.40E-12

CTCL KEGG_PATHWAY Inflammatory bowel disease 20 1.6 1.30E-06 1.30E-05

ATL KEGG_PATHWAY Inflammatory bowel disease 20 1.7 1.00E-06 2.00E-05

CTCL KEGG_PATHWAY Inflammatory mediator regulation of TRP channels 14 1.1 8.70E-02 2.90E-01

CTCL KEGG_PATHWAY Influenza A 35 2.8 6.00E-06 4.90E-05

ATL KEGG_PATHWAY Influenza A 44 3.7 1.20E-10 4.10E-09

ATL KEGG_PATHWAY Insulin signaling pathway 21 1.8 1.50E-02 6.10E-02

ATL KEGG_PATHWAY Intestinal immune network for IgA production 16 1.3 5.30E-06 7.10E-05

CTCL KEGG_PATHWAY Intestinal immune network for IgA production 19 1.5 3.10E-08 5.70E-07

CTCL KEGG_PATHWAY JAK-STAT signaling pathway 21 1.7 2.80E-02 1.20E-01

CTCL KEGG_PATHWAY Legionellosis 9 0.7 9.80E-02 3.10E-01

ATL KEGG_PATHWAY Legionellosis 14 1.2 5.40E-04 3.90E-03

CTCL KEGG_PATHWAY Leishmaniasis 23 1.8 8.20E-08 1.20E-06

ATL KEGG_PATHWAY Leishmaniasis 35 2.9 2.80E-18 2.40E-16

ATL KEGG_PATHWAY Leukocyte transendothelial migration 23 1.9 2.90E-04 2.40E-03

CTCL KEGG_PATHWAY Leukocyte transendothelial migration 27 2.2 5.00E-06 4.30E-05

ATL KEGG_PATHWAY Long-term potentiation 11 0.9 5.60E-02 1.70E-01

(Continued on following page)
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TABLE A3. Result of KEGG Pathway Enrichment Analysis of CTCL and ATL by DAVID (Continued)
Sample Category Term No. % P Benjamini

CTCL KEGG_PATHWAY Lysosome 18 1.4 3.50E-02 1.40E-01

ATL KEGG_PATHWAY Lysosome 46 3.8 1.90E-18 2.60E-16

CTCL KEGG_PATHWAY Malaria 10 0.8 2.50E-02 1.10E-01

ATL KEGG_PATHWAY Malaria 17 1.4 1.80E-06 2.70E-05

ATL KEGG_PATHWAY MAPK signaling pathway 35 2.9 6.30E-03 2.90E-02

ATL KEGG_PATHWAY Measles 25 2.1 3.90E-04 3.10E-03

CTCL KEGG_PATHWAY Measles 31 2.5 9.90E-07 1.00E-05

CTCL KEGG_PATHWAY Mismatch repair 9 0.7 5.10E-04 3.50E-03

ATL KEGG_PATHWAY NK-cell–mediated cytotoxicity 29 2.4 1.20E-06 1.90E-05

CTCL KEGG_PATHWAY NK-cell–mediated cytotoxicity 30 2.4 4.70E-07 5.50E-06

ATL KEGG_PATHWAY Neurotrophin signaling pathway 20 1.7 7.00E-03 3.20E-02

ATL KEGG_PATHWAY NF-κB signaling pathway 19 1.6 3.80E-04 3.10E-03

CTCL KEGG_PATHWAY NF-κB signaling pathway 32 2.6 2.90E-12 1.50E-10

ATL KEGG_PATHWAY NOD-like receptor signaling pathway 14 1.2 7.80E-04 5.30E-03

ATL KEGG_PATHWAY Non–small-cell lung cancer 10 0.8 5.00E-02 1.60E-01

CTCL KEGG_PATHWAY Oocyte meiosis 19 1.5 7.70E-03 4.00E-02

CTCL KEGG_PATHWAY Osteoclast differentiation 33 2.6 6.00E-08 9.10E-07

ATL KEGG_PATHWAY Osteoclast differentiation 45 3.8 5.00E-16 2.50E-14

ATL KEGG_PATHWAY Other glycan degradation 6 0.5 1.60E-02 6.30E-02

CTCL KEGG_PATHWAY p53 signaling pathway 13 1.0 1.30E-02 6.20E-02

ATL KEGG_PATHWAY Pancreatic cancer 14 1.2 3.30E-03 1.70E-02

CTCL KEGG_PATHWAY Pathogenic Escherichia coli infection 13 1.0 1.20E-03 7.80E-03

ATL KEGG_PATHWAY Pathways in cancer 43 3.6 8.40E-02 2.50E-01

CTCL KEGG_PATHWAY Pathways in cancer 49 3.9 1.10E-02 5.60E-02

ATL KEGG_PATHWAY Pentose phosphate pathway 7 0.6 3.50E-02 1.20E-01

CTCL KEGG_PATHWAY Pertussis 14 1.1 1.30E-02 6.10E-02

ATL KEGG_PATHWAY Pertussis 22 1.8 8.30E-07 1.70E-05

CTCL KEGG_PATHWAY Phagosome 33 2.6 1.60E-06 1.50E-05

ATL KEGG_PATHWAY Phagosome 49 4.1 1.50E-16 7.30E-15

ATL KEGG_PATHWAY Platelet activation 26 2.2 1.10E-04 1.00E-03

CTCL KEGG_PATHWAY Platelet activation 29 2.3 5.90E-06 4.90E-05

CTCL KEGG_PATHWAY Primary immunodeficiency 16 1.3 4.70E-08 7.60E-07

ATL KEGG_PATHWAY Prion diseases 11 0.9 4.30E-04 3.20E-03

CTCL KEGG_PATHWAY Progesterone-mediated oocyte maturation 16 1.3 8.30E-03 4.20E-02

ATL KEGG_PATHWAY Prolactin signaling pathway 13 1.1 1.80E-02 6.90E-02

CTCL KEGG_PATHWAY Protein processing in endoplasmic reticulum 27 2.2 3.30E-03 1.90E-02

CTCL KEGG_PATHWAY Proteoglycans in cancer 25 2.0 7.20E-02 2.50E-01

ATL KEGG_PATHWAY Proteoglycans in cancer 32 2.7 9.60E-04 6.30E-03

ATL KEGG_PATHWAY Rap1 signaling pathway 27 2.3 3.90E-02 1.30E-01

CTCL KEGG_PATHWAY Rap1 signaling pathway 29 2.3 1.70E-02 7.70E-02

CTCL KEGG_PATHWAY Regulation of actin cytoskeleton 26 2.1 7.20E-02 2.50E-01

ATL KEGG_PATHWAY Regulation of actin cytoskeleton 32 2.7 2.10E-03 1.20E-02

CTCL KEGG_PATHWAY Rheumatoid arthritis 23 1.8 4.70E-06 4.20E-05

ATL KEGG_PATHWAY Rheumatoid arthritis 31 2.6 1.60E-11 6.10E-10

(Continued on following page)
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TABLE A3. Result of KEGG Pathway Enrichment Analysis of CTCL and ATL by DAVID (Continued)
Sample Category Term No. % P Benjamini

CTCL KEGG_PATHWAY RIG-I–like receptor signaling pathway 11 0.9 8.40E-02 2.80E-01

CTCL KEGG_PATHWAY Salmonella infection 14 1.1 2.80E-02 1.20E-01

ATL KEGG_PATHWAY Salmonella infection 18 1.5 6.20E-04 4.30E-03

CTCL KEGG_PATHWAY Shigellosis 12 1.0 2.20E-02 9.80E-02

ATL KEGG_PATHWAY Sphingolipid signaling pathway 18 1.5 2.90E-02 1.00E-01

CTCL KEGG_PATHWAY Staphylococcus aureus infection 17 1.4 9.30E-06 7.30E-05

ATL KEGG_PATHWAY S aureus infection 29 2.4 2.00E-16 1.20E-14

ATL KEGG_PATHWAY Starch and sucrose metabolism 8 0.7 2.10E-02 7.70E-02

ATL KEGG_PATHWAY Systemic lupus erythematosus 23 1.9 2.40E-03 1.30E-02

CTCL KEGG_PATHWAY Systemic lupus erythematosus 67 5.4 3.80E-35 9.80E-33

CTCL KEGG_PATHWAY T-cell receptor signaling pathway 31 2.5 8.40E-10 2.70E-08

ATL KEGG_PATHWAY Thyroid cancer 8 0.7 1.00E-02 4.40E-02

CTCL KEGG_PATHWAY TNF signaling pathway 20 1.6 2.20E-03 1.40E-02

ATL KEGG_PATHWAY TNF signaling pathway 20 1.7 1.90E-03 1.10E-02

CTCL KEGG_PATHWAY Toll-like receptor signaling pathway 19 1.5 4.70E-03 2.60E-02

ATL KEGG_PATHWAY Toll-like receptor signaling pathway 27 2.3 7.20E-07 1.70E-05

CTCL KEGG_PATHWAY Toxoplasmosis 29 2.3 1.60E-07 2.10E-06

ATL KEGG_PATHWAY Toxoplasmosis 30 2.5 3.00E-08 8.80E-07

ATL KEGG_PATHWAY Transcriptional misregulation in cancer 28 2.3 1.10E-03 6.80E-03

CTCL KEGG_PATHWAY Transcriptional misregulation in cancer 30 2.4 2.60E-04 1.80E-03

CTCL KEGG_PATHWAY Tuberculosis 33 2.6 5.80E-05 4.30E-04

ATL KEGG_PATHWAY Tuberculosis 59 4.9 2.50E-20 6.50E-18

ATL KEGG_PATHWAY Type 1 diabetes mellitus 15 1.3 6.20E-06 7.80E-05

CTCL KEGG_PATHWAY Type 1 diabetes mellitus 16 1.3 1.30E-06 1.30E-05

ATL KEGG_PATHWAY Vibrio cholerae infection 11 0.9 1.20E-02 5.20E-02

CTCL KEGG_PATHWAY Viral carcinogenesis 58 4.6 6.30E-16 5.80E-14

ATL KEGG_PATHWAY Viral myocarditis 19 1.6 7.30E-07 1.60E-05

CTCL KEGG_PATHWAY Viral myocarditis 25 2.0 1.40E-11 5.90E-10

NOTE. Related to Figure A3. Bold indicates lenalidomide-related pathways, depicted either in public database from KEGG DRUG 7 or from Therapeutic
Target Database8.
Abbreviations: ATL, adult T-cell leukemia/lymphoma; CTCL, cutaneous T-cell lymphoma; GnRH, gonadotropin-releasing hormone; Ig, immunoglobulin;

JAK-STAT, Janus kinase–signal transducers and activators of transcription; KEGG, Kyoto Encyclopedia of Genes and Genomes; MAPK, mitogen-activated
protein kinase; NK, natural killer; NF-κB, nuclear factor-κB; TNF, tumor necrosis factor.
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TABLE A4. Immunohistochemical Analysis of Tumor Specimen
Specimen CD8/HPF CD25/HPF Foxp3/HPF

Prelenalidomide treatment 31 2 2

After the first treatment cycle 122 1 5

After the third treatment cycle 27 1 0

Abbreviation: HPF, high-power field.
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