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A B S T R A C T

Purpose
In contrast to Hodgkin lymphoma and systemic anaplastic large-cell lymphoma, CD30 expression
of malignant lymphocytes in mycosis fungoides (MF) and Sézary syndrome (SS) is quite variable.
Clinical activity and safety of brentuximab vedotin, a CD30 targeting antibody-drug conjugate, was
evaluated in MF and SS. Tissue and blood biomarkers of clinical response were explored.

Patients and Methods
In this phase II study, patients with MF or SS with negligible to 100% CD30 expression levels
were treated with brentuximab vedotin (1.8 mg/kg) every 3 weeks for a maximum of sixteen
doses. The primary end point was overall global response rate. Secondary end points included
correlation of tissue CD30 expression level with clinical response, time to response, duration of
response, progression-free and event-free survivals, and safety.

Results
Of the 32 patients enrolled and treated, 30 patients had available efficacy evaluations. Objective
global response was observed in 21 (70%) of 30 patients (90% CI, 53% to 83%). CD30 expression
assessed by immunohistochemistry was highly variable, with a median CD30max of 13% (range,
0% to 100%). Those with �5% CD30 expression had a lower likelihood of global response than
did those with 5% or greater CD30 expression (P � .005). CD163 positive tumor-associated
macrophages, many of which coexpress CD30, were abundant in tissue. Peripheral neuropathy
was the most common adverse event.

Conclusion
Brentuximab vedotin demonstrated significant clinical activity in treatment-refractory or advanced
MF or SS with a wide range of CD30 expression levels. Additional biomarker studies may help
optimize rational design of combination therapies with brentuximab vedotin.

J Clin Oncol 33:3750-3758. © 2015 by American Society of Clinical Oncology

INTRODUCTION

Mycosis fungoides (MF) and Sézary syndrome
(SS) are the most common subtypes of cutaneous
T-cell lymphoma (CTCL).1-3 Patients with early
stage disease have an excellent prognosis; how-
ever, survival in patients with advanced disease is
compromised, especially when adverse prognos-
tic factors are present, such as folliculotropic,
large-cell transformed, or extracutaneous disease.
Current therapies rarely provide durable re-
sponses, and the only potentially curative therapy
is allogeneic hematopoietic stem-cell transplanta-

tion. There is a great need for new therapies to
treat MF/SS in patients with advanced or refrac-
tory disease.

Brentuximab vedotin (BV, SGN-35) is an
anti-CD30 monoclonal antibody conjugated with
monomethyl auristatin E by a protease-cleavable
linker.4,5 BV has shown dramatic efficacy in the
treatment of Hodgkin lymphoma and systemic ana-
plastic large-cell lymphoma,6,7 both of which
uniformly express CD30 as assessed by immunohis-
tochemistry (IHC) with use of BerH2 antibody.
However, response rates are lower in systemic
lymphomas with variable CD30 expression.8,9
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Malignant T cells in MF/SS skin lesions have median CD30 expres-
sion levels of 10% to 15% of total mononuclear infiltrate, as as-
sessed by routine IHC, with greater CD30 levels in those with
large-cell transformation (LCT).10,11

The goals of this phase II study were to explore the clinical activity
of BV in patients with MF/SS with any CD30 expression level (includ-
ing a negligible level), establish the safety profile in an MF/SS popula-
tion, and assess for potential biomarkers of clinical response.

PATIENTS AND METHODS

Study Design

This was a phase II, investigator-initiated, multi-institution study (study
No. LYMNHL0089 and SU-06212011-7946). CD30 expression levels were
grouped as low (�10%, Group A), intermediate (10% to 50%, Group B), and
high (�50%, Group C) to ensure enrollment of patients across a wide range of
expression (Appendix Figure A1, online only). A minimum of two skin biop-
sies (of different lesion morphology and site) were obtained for each patient at
baseline, and the maximum level of CD30 expression (CD30max) among all
biopsies was used for group A, B, or C designation.

The primary end point was the overall response rate of BV in this patient
population. Secondary objectives were to explore potential biomarkers of
response or resistance including tissue CD30 expression level, tumor microen-
vironment, and soluble CD30 (sCD30). Utility of multispectral image (MSI)
analysis to assess CD30 expression was evaluated in collaboration with the
University of Wisconsin. Additional secondary end points included time to
response (TTR), duration of response (DOR), progression-free survival (PFS),
event-free survival (EFS), and safety.

All patients were enrolled and treated at the primary institution (Stan-
ford University). Memorial Sloan Kettering Cancer Center served as an inde-
pendent review site for clinical and pathologic evaluations. This study was
approved by the institutional review board at Stanford University and con-
ducted in accordance with the Declaration of Helsinki. Written informed
consent was obtained from each patient.

Patient Population and Treatment

Patients with MF or SS, stages IB through IVB,3 who had at least one
systemic therapy failure were eligible. Subjects with any levels of CD30 expres-
sion (0% to 100%) in the skin or other compartments were included. An age of
�18 years and an Eastern Cooperative Oncology Group performance status of
0 to 2 were required. Additional inclusion criteria were an absolute neutrophil
count of � 1,000/�L, a platelet count of � 50,000/�L, a serum creatinine level
of � 2� the upper limit of normal, and ALT and AST levels of � 3� the upper
limit of normal. Topical or systemic corticosteroids were not allowed for
treatment of MF or SS symptoms. All patients were treated with as many as
eight cycles of BV (1.8 mg/kg) administered every 3 weeks (Appendix
Figure A1). Patients with continued clinical improvement were allowed to
have a maximum of eight additional cycles; those with complete response
(CR) were allowed to have two more cycles.

Efficacy and Safety Assessments

The skin was the primary efficacy assessment; however, in patients
with extracutaneous disease, all involved compartments were assessed and
a global response incorporating nonskin compartments was determined.12

Clinical response documentation required confirmation of response at the
subsequent study visit. Skin disease burden was measured with the modi-
fied Severity-Weighted Assessment Tool (mSWAT)12 at screening, before
each dose of BV, at the end of treatment, and every 2 to 3 months until
progression. Patients with lymph-node or visceral disease had whole body
positron emission tomography-computed tomography at the time of
screening, at the end of cycles 2, 5, 8, 11, and 14, and at the end of
treatment, and patients with blood involvement had Sézary flow cytometry
at the same time points as the skin assessments.

Adverse events were recorded in accordance with the National Cancer Insti-
tute Common Terminology Criteria for Adverse Events, version 4.0.12a Given the
neurotoxicity associated with BV, a detailed neurologic evaluation was performed
at the timeofscreening,at6months,andat theendof treatment.Forpatientswho
had grade 2 peripheral neuropathy, a formal neurologic evaluation was updated
every two cycles or every 2 months (off study).

Tissue and Blood Biomarker Analysis

Tissue IHC for biomarker assessment. Biopsies were fixed in 4% formalin
and embedded in paraffin. Commercially available antibodies were used to
assess the following markers with use of standard dilutions, antigen re-
trieval, and chromogen development methods: CD30 (BerH2, DAKO,
Carpinteria, CA), CD8 (clone C8/144B, DAKO), CD20 (clone L26,
DAKO), CD163 (clone 10D6, Leica, Buffalo Grove, IL), PD-1 (clone
NAT105, Cell Marque, Rocklin, CA), FoxP3 (clone 236A/E7, eBioscience,
San Diego, CA). IHC was graded according to the percentage of total
mononuclear cell infiltrate that was positive .

Serum sCD30 level. sCD30 was detected in human serum with use of a
Luminex-based sandwich fluoroimmunoassay (Life Technologies, Carlsbad,
CA). Luminex beads conjugated with an antihuman sCD30 monoclonal anti-
body were incubated with samples, and then a phycoerythrin-conjugated
antihuman sCD30 monoclonal antibody was added. Beads were analyzed with
a Bio-Rad Bio-Plex 100 reader (Bio-Rad Laboratories, Hercules, CA).

MSI acquisition and analysis. All images and quantitative IHC data were
generated with the Nuance system (PerkinElmer, Waltham, MA), equipped
with Nuance (version 3.0.2) multispectral imaging software and inForm
(version 1.4) advanced image analysis software. A spectral library with charac-
teristic wavelength emission curves of hematoxylin, Fast Red, and diamino-
benzidine was built by sampling spectra from tissue sections stained with single
dyes. For visualization of the signals in the MSIs, the pseudo colors red (CD30),
green (CD8 and CD163), and blue (hematoxylin) were used. To quantitate
CD30 expression, 161 to 238 mononuclear cells per biopsy were manually
designated as regions of interest. Using the spectral library as reference, the
system measured the amount of signal within each region of interest, convert-
ing spectral data into optical density (OD) units. To assess for coexpression of
CD30 with CD8 or CD163, MSIs of double-stained slides were acquired as
above in selected biopsies. The percentage of double- and single-positive cells
was determined using inForm.

T-Cell Receptor Clonality by High-Throughput Sequencing

Genomic DNA was prepared from formalin-fixed, paraffin-embedded
tissue with a QIAamp DNA Mini Kit (QIAGEN, Valencia, CA). A multiplex
PCR system was used to amplify rearranged T-cell receptor beta (TCRB)
and/or gamma (TCRG) loci and high-throughput sequencing (HTS) per-
formed with Illumina GA2 system or HiSeq platform (Illumina, San Diego,
CA) as previously described to generate reads that cover the entire
complementarity-determining region 3 (CDR3).13 The dominant CDR3 se-
quence of tumor cells was determined from the baseline samples.

Statistical Analysis

A sample size of 30 patients would provide 80% power to reject a 35%
response rate, (the general response rate of the US Food and Drug Adminis-
tration’s recently approved systemic agents),14-16 if the true (alternative) re-
sponse rate were 60% or higher using binomial test at a one-sided significance
level of 5%. A 90% two-sided exact CI is reported. There were no predefined
subpopulations for statistical analysis.

DOR, PFS, EFS, and duration of neuropathy were analyzed with use of
the Kaplan-Meier method. DOR was calculated from date of response to
progressive disease (PD) and PFS from date of first BV dose to the time of PD
or death.11a,15 For DOR and PFS, patients were censored at the last follow-up
visit if any new treatment was initiated before documentation of PD. EFS was
calculated from the date of the first BV dose to the time of toxicity-related
termination, PD, next significant therapy (eg, the use of a systemic agent or
total skin electron beam therapy), or death by any cause (whichever occurred
first). For biomarker analyses comparing response with nonresponse, Wil-
coxon rank-sum and Fisher’s exact tests were applied, as appropriate.
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RESULTS

Patient Characteristics

Thirty-two patients were enrolled (Table 1); all were included in
the safety analysis. Two patients without any response assessment data
were excluded from the efficacy analyses. Most patients had advanced
disease (stage IIB or higher, 88%) with adverse prognostic features of
folliculotropic mycosis fungoides (FMF) or LCT in 29 (91%) of 32.
The median number of prior systemic therapies was 3 (range, 1 to 13
therapies); most of these patients had prior cytotoxic agents, one with
prior allogeneic stem-cell transplantation. Fourteen (44%) of the 32
patients had a low baseline maximum level of CD30 expression
(CD30max; Group A), and only four had �50% CD30max (Group C).

Clinical Activity

Objective clinical response was observed in 21 (70%) of the 30
efficacy-evaluable patients (90% CI, 53% to 83%; Table 1; Fig 1).
Responses were observed across all clinical stages and in patients with
FMF and/or LCT regardless of number or type of prior systemic
therapies. The majority of patients had improvement in the skin, with
a maximum mSWAT change from the time of screening (mSWATmax)
median score reduction of 73% (range, 100% to �54%, Fig 2A).
Although only one patient had documented global CR, seven patients
had a �90% reduction in their mSWAT scores. Patient age, sex,
clinical stage, baseline disease burden (as assessed on the mSWAT), or
FMF and/or LCT status did not correlate with clinical response.

At the time of analysis, the median observation time for all sub-
jects (n � 32) was 71.7 weeks (range 13.0 to 156.6 weeks) and five

patients remained on therapy. The median TTR was 6.6 weeks (range,
3.0 to 27.0 weeks). Figure 2B depicts the time course and current status
of the 21 responders. At 6 and 12 months, Kaplan-Meier estimates
showed that 90% and 79% of responses, respectively, were continuing;
79% and 54% of responders, respectively, were progression-free; and
61% and 28% of responders, respectively, were event-free (Fig 2C,
3D). Twelve patients initiated another round of systemic therapy
without attaining PD.

Biomarkers of Clinical Response

By tissue IHC evaluation, the median CD30max of all patients was
13% (range, 0% to 100%; six patients had a CD30max of �5%).
Although clinical responses were observed across all expression levels
(groups A, B, and C), the median CD30max was higher in responders
(global response CR/partial response, 15%), versus nonresponders
(global response stable disease/PD, 3.0%; P � .037; Fig 3). The corre-
lation of response with CD30max was greatest in stage IIB (skin tumors,
P � .0072). All eight stage IIB patients with a CD30max of 10% or
higher responded to BV, and 3 of 8 had a �90% mSWAT reduction.
Patients with a CD30max of �5% had a significantly lower likelihood
of clinical response (17% v 83%, P � .0046). Furthermore, our data
support a correlation between skin CD30max and depth of skin
response (reduction in mSWAT; P � .0031; Fig 3). There was no
significant correlation between tissue CD30max and TTR, DOR,
PFS, or EFS.

Skin microenvironment biomarkers studied included tumor-
infiltrating CD8� T cells, B cells (CD20�), macrophages (CD163�),
Foxp3� T cells, or PD-1� T cells. Of these, CD163� macrophages
were most abundant with median of 40% (range 5% to 80%) of total

Table 1. Patient Baseline Demographics, Clinical Characteristics, and Clinical Response

Characteristics
All Patients, N � 32,

n (%)

Evaluable for Response, n � 30

ORR,� n (%)CR PR SD PD NE

Sex
Male 19 (59) 0 13 1 4 1 13 of 18 (72)
Female 13 (41) 1 7 3 1 1 8 of 12 (67)

Age, years, median (range) 62 (20-87) 78 60 (38-87) 60 (20-82) 64 (57-77) 60 (50-70)
Clinical stage

All 32 (100) 1 20 4 5 2 21 of 30 (70)
IB 4 (13) 0 3 1 0 0 3 of 4 (75)
IIB 18 (56) 0 14 2 2 0 14 of 18 (78)
IV/SS† 10 (31) 1 3 1 3 2 4 of 8 (50)

Adverse prognostic factors
LCT or FMF 29 (90) 1 19 3 5 1 20 of 28 (71)
LCT 16 (50) 1 9 2 3 1 10 of 15 (67)
FMF 8 (25) 0 7 1 0 0 7 of 8 (88)
LCT � FMF 5 (16) 0 3 0 2 0 3 of 5 (60)

No. of prior systemic therapies
� 3 15 (47) 0 8 2 4 1 8 of 14 (57)
� 3 17 (53) 1 12 2 1 1 13 of 16 (81)

CD30 grouping at screening
A (� 10%) 14 (44) 0 7 4 2 1 7 of 13 (54)
B (10% to 50%) 14 (44) 0 11 0 3 0 11 of 14 (79)
C (� 50%) 4 (13) 1 2 0 0 1 3 of 3 (100)

Abbreviations: CR, complete response; FMF, folliculotropic mycosis fungoides; LCT, large-cell transformation; NE, not evaluable; ORR, overall response rate; PD,
progressive disease; PR, partial response; SD, stable disease; SS, Sézary syndrome.

�Objective clinical response was observed in 21 (70%) of the 30 efficacy-evaluable patients
†Of 10 stage IV patients, three patients had SS with one CR, one PR, and one PD; one patient was stage IVB who had PR.
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Fig 1. Clinical presentation of the patients at baseline and with brentuximab vedotin treatment. (A) 66-year-old woman with mycosis fungoides (MF) stage IVB with oral disease;
the patient had a maximum reduction in modified Severity-Weighted Assessment Tool score from time of screening (mSWATmax) of 86%. (B) 87-year-old man with MF stage IIB with
ulcerative tumor on the arm; the patient had an mSWATmax reduction of 92%. (C) 66-year-old man with MF stage IIB with forehead tumor; the patient had an mSWATmax reduction
of 97%. (D) 78-year-old woman with Sézary syndrome (SS) stage IVA1; the patient had an mSWATmax reduction of 100% (global complete response). (E) 80-year-old woman with
SS stage IVA1; the patient had an mSWATmax reduction of 89%; flow cytometry showing reduction of CD4�/CD26-/CD30� Sézary population after treatment. (F) 45-year-old man
with MF IVA2 with reduction in lymph-node disease after treatment, as shown in the positron emission tomography-computed tomography scan.
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mononuclear infiltrate in pretreatment samples assessed. However
none were associated with response in a univariable analysis, (P � .38,
.25, .98, .29, .36, respectively).

Twenty-two of 32 patients had baseline sCD30 assessed. Me-
dian sCD30 was 86 ng/mL (range, 28 to 955 ng/mL; n � 14) in
responders and 137 ng/mL (range, 26 to 282 ng/mL; n � 8) in
nonresponders (P � .92).

MSI Analysis of CD30 and Coexpression With CD163

or CD8

Seven (54%) of 13 evaluable patients in the low CD30max group
(Group A) demonstrated objective clinical response, including one
patient with negligible baseline CD30max by routine IHC (Fig 4). We
sought to measure low levels of CD30 by the MSI technique.
Whereas light microscopy relies on arbitrary scoring, MSI allows
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Fig 2. Primary study end-point analy-
ses. (A) Maximum change in modified
Severity Weighted Assessment Tool
(mSWAT) score (skin disease burden)
compared with baseline in all patients
treated with brentuximab vedotin (n �
30). Eight patients had more than 90%
reduction in their mSWAT score, including
one complete response (stage IV/SS) and
seven near complete responses, including
two stage IB (patch/plaque only) and five
stage IIB (patch-plaque and tumor). Clini-
cally meaningful responses were seen in
both tumor and patch-plaque lesions. Hor-
izontal line at �50% indicates the thresh-
old for defining partial response in the
skin. (*) Patients with stage IV (extracuta-
neous) disease. Overall global response
was determined by composite of skin,
lymph node, viscera, and blood compart-
ment responses.15 (B) Time course in
patients who had global clinical responses
to brentuximab vedotin (n � 21). (C)
Progression-free survival (n � 32). (D)
Event-free survival (n � 32), with event
defined as toxicity-related termination,
progressive disease, death, or start of
another systemic therapy. BV, brentux-
imab vedotin.
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for computerized scoring and quantification of biomarkers. The
online Appendix demonstrates the superior sensitivity of MSI
analysis over routine IHC. This technique allowed for the unmix-
ing or separation of chromogens, even if they spatially overlap. The
unmixed images were used to quantitate each chromogen individ-
ually, which allows for greater sensitivity and specificity of assess-
ing CD30 expression.17 Cells with ODs above isotype control
(background levels) were considered CD30 positive. By viewing
individual cells with known OD values in their original light mi-
croscopy mode, we identified a threshold value of approximately
0.1 OD per cell, designated as the “visibility threshold,” below
which the signal was read as positive by MSI but was undetectable
by light microscopy (Fig 4). The MSI analysis demonstrated quan-
tifiable CD30 staining in 19 (95%) of 20 samples interpreted as
negligible CD30 by routine IHC.

To distinguish expression of CD30 by neoplastic T cells versus
tumor-infiltrating cytotoxic T cells or macrophages, we performed
double staining for coexpression of CD30 and CD8 (cytotoxic T cells)
or CD163 (macrophages) and assessed with routine IHC and MSI
analysis. The MSI technique can differentiate and unmix up to 14
different stains per pixel, whereas the human eye cannot easily distin-
guish stains with similar colors nor can it deconvolute spatially colo-
calized chromogens. The online Appendix demonstrates significant
CD30-CD8 and CD30-CD163 coexpression not appreciated by rou-
tine IHC. Of six patient samples, each double stained for CD30-CD8
and CD30-CD163 and coexpression ranged from 0.2% to 14.8%
(median 1.7%) and 1.0% to 40.9% (median 9.7%) of cells by MSI
analysis, respectively.

TCR Clonality Assessment of New Tumors

With Therapy

We analyzed seven patients with new tumor lesions with TCR
HTS to assess for a new dominant TCR clone. Six patients had identi-
fiable TCR-� clone before BV, and the HTS TCR profile of their new
tumors showed identical dominant TCR CDR3 sequence as the pre-

treatment clone, including five of six tumor samples with loss of CD30
expression.

Safety and Tolerability

The median number of BV doses was six (range, 1 to 16 doses).
The most common adverse events related to BV were peripheral
neuropathy (66%), fatigue (47%), nausea (28%), alopecia (22%), and
neutropenia (19%; Table 2). Grade 3/4 related adverse events were
observed in 10 patients; the most common were neutropenia (n � 4)
and skin eruption (n � 3). Three treatment-related serious adverse
events were reported, including one event each of confusion, acute
renal failure, and neuropathy.

Ten patients had dose delay and/or reduction (to 1.2 mg/kg), and
six patients (19%) were terminated from the study prematurely due to
toxicities. Peripheral neuropathy was the most common cause of dose
modification or toxicity-related early termination. Most peripheral
neuropathy was a combined sensory-motor neuropathy. Twelve of 21
patients with peripheral neuropathy had grade �2 peripheral neurop-
athy. One with grade 4 peripheral neuropathy died of pneumonia as a
complication of the neuropathy. Median time to any peripheral neu-
ropathy was 13 weeks (range, 3.0 to 38.6 weeks) and, to grade 2
peripheral neuropathy, 20.8 weeks (range, 15.0 to 46.0 weeks). By
Kaplan-Meier calculation, the median time to improvement of pe-
ripheral neuropathy was 49.0 weeks (20.4 to 70.1 weeks), with 59%
showing improvement or resolution by 12 months and 86% by 24
months.

DISCUSSION

This study shows significant clinical activity of BV in patients with MF
and SS who have CD30 expression in skin (by routine IHC) from a
nondetectable level to 100% of the mononuclear cell infiltrate. The
primary end point of the study was met with an overall response rate of
70% (90% CI, 53% to 83%). Although we observed only one CR,
seven patients (23%) had skin improvement of � 90%.

The majority of our patients had advanced clinical stage with
adverse prognostic factors, such as LCT and/or FMF; thus, the overall
response rate of 70% with acceptable DOR, PFS, and EFS data reflects
the potential for addressing unmet need in these patients with aggres-
sive, refractory disease profile. There were no statistically significant
differences in response rates among clinical stages, and greater sample
size would be needed to make additional interpretation of clinical
effectiveness of BV in the extracutaneous compartments.

Although, objective clinical responses were observed in all CD30
enrollment groups, the median CD30max was higher in responders
than in nonresponders (P� .05). In particular, if the CD30max was low
(�5%), a value that is often considered as “negative” by patholo-
gists,18,19 the likelihood of response was significantly lower (P � .005).
We did not observe a significant association of CD30 expression levels
with DOR, PFS, or EFS.

Standard IHC to detect tissue CD30 expression using BerH2
antibody and glass slide examination by the human eye has intrinsic
limits of sensitivity and specificity with regard to low levels of CD30
staining and the discrimination of malignant cells versus infiltrating
nonmalignant cells. When MSI analysis was used to assess for CD30
expression in lesions with negligible or nondetectable CD30 by rou-
tine IHC, significant low-level CD30 was visualized and quantitated,
possibly accounting for the clinical activity seen in these patients.
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Fig 3. Maximum change in modified Severity Weighted Assessment Tool
(mSWAT) by tissue CD30max (maximum level of CD30 expression) assessed by
immunohistochemistry, stratified by disease stage and global clinical response.
Data support a correlation between skin CD30max and depth of skin response
(reduction in mSWAT; P � .0031).The dotted line depicts CD30max of 5%.
Patients with CD30max of � 5% had a significantly lower likelihood of clinical
response (P � .0046).
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Fig 4. Multispectral imaging (MSI) analysis of CD30 expression. (A) Clinical photograph of a patient at the time of screening. Immunohistochemistry (IHC) stain of the highlighted
biopsy site showed CD30 level of 0% as assessed by conventional light microscopy (LM). (B) MSI series of a representative CD30 immunostained area from the same biopsy. The
MSI system converts the standard light microscopic image into a pseudo-colored composite: the counterstain is shown in the pseudo color blue, and the CD30 is represented by the
pseudo color red. The composite image can be unmixed into single components, counterstain and CD30. The CD30 panel highlights the CD30 stain in pseudo color red. (C) Histogram
showing optical density (OD) values per cell in biopsy. Each bar represents the average OD value of an individual cell (n � 207 cells). Nonspecific background OD (0.02, including two
stable disease) was subtracted from all values, and any bar therefore signifies specific CD30 staining. The visibility threshold indicates the OD below which CD30 stain was
undetectable by visual inspection with conventional LM but positive by MSI analysis. (D) CD30 and CD163 double-stained lesional skin: conventional LM image of CD30 (light pink)
and CD163 (brown) double stain. Here, the areas that exceed the nonspecific background OD for CD30 are shown in red, thus the color red depicts CD30 positivity. CD163� cells
are shown in green. The areas of spatial colocalization of both stains are highlighted in gold, demonstrating the extent of CD30 and CD163 coexpression in this lesion. (E) CD30 and
CD8 double-stained lesional skin from the same subject: conventional LM image, showing CD30 (light pink) and CD8 (brown). Corresponding MSI of CD30� (red) and CD8� (green)
cells and the coexpression of both markers (gold) in this area.
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We assessed the potential role of the tumor-infiltrating cells that
have been implicated in hematolymphoid malignancies, including
cytotoxic T cells (CD8�), B cells (CD20�), macrophages (CD163�),
regulatory T cells (FoxP3�), and checkpoint regulator (PD-1�).20-29

Of these microenvironment factors evaluated, CD163� M2-type
tumor-associated macrophages were quite abundant (median, 40% of
infiltrate). M2-type macrophages secrete T-helper type-2 cytokines
(interleukin-4, interleukin-13, and transforming growth factor-�),
thus can contribute to an immune-suppressive tumor environment
by down-regulating M1 and T-helper type-1 cells and promote
tumor-cell survival.24 These M2 macrophages have been linked to
disease progression in CTCL30 and, in a xenografted CTCL murine
model, depletion of M2-like tumor-associated macrophages delayed
tumor development.31 In classic Hodgkin lymphoma, tumor-
associated macrophages correlated with resistance to chemotherapy as
well as to poor survival outcome.23,32 MSI evaluation of the double-
stained lesional tissues showed that a significant proportion of these
M2 tumor-associated macrophages also coexpress CD30. BV may
target these macrophages in addition to the malignant T cells and
disrupt their tumor-promoting function. Moreover, it is possible
that these CD30 coexpressing macrophages may offer an addi-
tional source of monomethyl auristatin E to the nearby malignant

T cells and augment tumor cell death. These data suggest a poten-
tial role of the microenvironment in influencing the clinical out-
come with BV therapy.

Brentuximab vedotin was well tolerated in this CTCL popula-
tion. As anticipated, peripheral neuropathy was a commonly observed
toxicity (66% of 32 patients). Our patients were consistently evaluated
by a neurologist, which may have increased the detection of neurop-
athy. Not all peripheral neuropathy was reversible and one patient had
rapidly progressive grade 4 peripheral neuropathy. Thus, the potential
for peripheral neuropathy must be carefully assessed and monitored
while the patient is receiving therapy. All other adverse events were
manageable and reversible.

The encouraging clinical responses in a population known to
have variable CD30 expression levels along with acceptable toxicity
profile in patients who have advanced and/or refractory disease with
adverse prognostic features support that BV is a promising agent that
warrants further clinical study either as monotherapy or in combina-
tion with other treatments for MF and SS. The ongoing phase 3 clinical
trial comparing BV with methotrexate or oral bexarotene should add
insight on the efficacy and safety of BV. We utilized MSI to enhance
the detection of CD30 and to show coexpression of CD30 by tumor-
infiltrating cells. These findings suggest that further studies of tissue
biomarkers are warranted and may help optimize management strat-
egies with BV in CTCL.
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Appendix

Optional biopsyResponse/PD biopsy
Biopsy ≥ two sites

Different morphology if possible

Screening Cycle 1 Cycle 2 Cycle 3 Cycle 4 Cycle 5 Cycle 6 Cycle 7 Cycle 8 EOT

Physical examination every cycle
Flow cytometry at screening, response, EOT (every cycle if blood involvement)
Imaging at screening, response, EOT (at cycle 2, then every 3 cycles if extracutaneous involvement)

If PR:
May allow up to eight additional 
cycles if continuing to improve

If CR:
Two additional cycles allowed

Group A
< 10% CD30+ of total

mononuclear infiltrate

Group C
> 50% CD30+ of total

mononuclear infiltrate

Group B
10%–50% CD30+ of total
mononuclear infiltrate

Brentuximab vedotin
1.8 mg/kg IV

every 3 weeks,
up to 8 cycles

MF/SS
IB-IVB

CD30 by routine IHC

Fig A1. Study design. CR, complete response; EOT, end of treatment; IHC, immunohistochemistry; MF, mycosis fungoides; PD, progressive disease; PR,
partial response; SS, Sézary syndrome.
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