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Abstract

Introduction: Mycosis fungoides (MF), the most common type of cutaneous T-cell lymphoma, 

can lead to disfiguring lesions, debilitating pruritus and frequent skin infections. This study 

assessed response to brentuximab vedotin in patients with MF in the phase III ALCANZA study.

Methods: Baseline CD30 levels and large-cell transformation (LCT) status were centrally 

reviewed in patients with previously-treated CD30-positive MF using ≥2 skin biopsies obtained 

at screening; eligible patients required ≥1 biopsy with ≥10% CD30 expression. Patients were 

categorised as CD30min < 10% (≥1 biopsy with <10% CD30 expression), or CD30min ≥ 10% (all 

biopsies with ≥10% CD30 expression) and baseline LCT present or absent. Efficacy analyses were 

the proportion of patients with objective response lasting ≥4 months (ORR4) and progression-free 

survival (PFS).
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Results: Clinical activity with brentuximab vedotin was observed across all CD30 expression 

levels in patients with ≥1 biopsy showing ≥10% CD30 expression. Superior ORR4 was observed 

with brentuximab vedotin versus physician’s choice in patients: with CD30min < 10% (40.9% 

versus 9.5%), with CD30min ≥ 10% (57.1% versus 10.3%), with LCT (64.7% versus 17.6%) and 

without LCT (38.7% versus 6.5%). Brentuximab vedotin improved median PFS versus physician’s 

choice in patients: with CD30min < 10% (16.7 versus 2.3 months), with CD30min ≥ 10% (15.5 

versus 3.9 months), with LCT (15.5 versus 2.8 months) and without LCT (16.1 versus 3.5 

months). Safety profiles were generally comparable across subgroups.

Conclusion: These exploratory analyses demonstrated that brentuximab vedotin improved rates 

of ORR4 and PFS versus physician’s choice in patients with CD30-positive MF and ≥1 biopsy 

showing ≥10% CD30 expression, regardless of LCT status.

Clinical trial registration: Clinicaltrials.gov, NCT01578499.

Keywords

Antibody-drug conjugate; Brentuximab vedotin; CD30; Cutaneous T-cell lymphoma; Efficacy; 
Large-cell transformation; Mycosis fungoides; Objective response; Progression-free survival; 
Safety

1. Introduction

Cutaneous T-cell lymphomas (CTCL) often have chronic courses and lead to disfiguring 

lesions, debilitating pruritus and frequent skin infections [1–3]. Mycosis fungoides (MF) 

is the most common CTCL subtype and patients frequently present with skin patches 

and/or plaques. Patients with advanced-stage MF may have skin tumours, erythroderma or 

extracutaneous disease [4]. Early-stage MF is primarily treated with skin-directed therapies, 

whereas in advanced-stage disease or refractory early-stage disease, systemic therapies are 

often used.

Diagnostic and clinical management of CTCL includes at least one skin biopsy assessed by 

expert dermatopathological evaluation, often utilising immunohistochemistry (IHC) staining. 

Both primary cutaneous anaplastic large cell lymphoma (pcALCL) and MF are characterised 

by expression of cell-surface CD30 antigen; pcALCL is characterised by a high level of 

CD30 expression (≥75% of tumour cells) [4], whereas MF may express CD30 to a more 

variable degree (<1–100%) [5–8]. Technical limitations of detecting low levels of CD30 

expression for patients with MF, along with inter-patient, intra-patient and inter-lesional 

variability between the skin and lymph node of CD30 expression, have been reported 

[6,8,9].

Large cell transformation (LCT) of MF is defined as the presence of ≥25% of aberrant 

T-cells with large cell morphology (and/or large cell nodules) and is often associated with 

aggressive clinical course and inferior prognosis [10–12]. Some reports suggest the presence 

of LCT is associated with higher levels of CD30 expression in MF patients; however, CD30 

expression is not required for the determination of LCT [13]. Further, the presence of LCT 

has been reported in >50% of patients diagnosed with advanced-stage (IIB–IV) MF [11,12].
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The phase III ALCANZA trial (NCT01578499) evaluated the efficacy and safety of 

brentuximab vedotin versus physician’s choice (PC) of methotrexate or bexarotene in 

patients with previously-treated CD30-positive MF or pcALCL who required systemic 

therapy [14]. Selection of methotrexate or bexarotene in the PC arm was made by the 

treating physician based upon the patient’s diagnosis (MF or pcALCL), comorbidities, prior 

use of either agent, and availability of treatment at the participating centre. In patients 

with MF, CD30 expression was evaluated by IHC assessment of ≥2 skin biopsies from 

separate lesions. ALCANZA primary results demonstrated the superiority of brentuximab 

vedotin over PC, with significant improvements in all primary and key secondary endpoints, 

including objective response rate lasting ≥4 months (ORR4 [56.3% versus 12.5%; p < 

0.0001]), complete remission rate (16% versus 2%; p = 0.0046), median progression-free 

survival ([PFS] 16.7 versus 3.5 months; hazard ratio [HR]: 0.270 [95% CI: 0.169–0.430]; p 

< 0.0001) and mean maximum reduction in Skindex-29 score (−27.96 [standard deviation 

(SD): 26.877] versus −8.62 [SD: 17.013]; p < 0.0001) [14].

This exploratory, post hoc analysis of patients with MF enrolled in ALCANZA evaluates 

whether baseline CD30 expression level impacted the efficacy and safety of brentuximab 

vedotin and retrospectively summarises the proportion and outcomes of patients with LCT at 

the time of enrollment.

2. Patients and methods

2.1. Patients

ALCANZA enrolled adult patients (aged ≥18 years) with CD30-positive MF (n = 100) or 

pcALCL (n = 31) who had received ≥1 previous systemic therapy (including radiotherapy 

for pcALCL), and had an Eastern Cooperative Oncology Group performance status of 0–2. 

This analysis was limited to patients with CD30-positive MF only.

For confirmation of eligibility, patients with MF were required to undergo ≥2 skin biopsies 

of patch, plaque or tumour lesions, selected at the investigator’s discretion, for central 

confirmation of CD30 expression by IHC. Each biopsy was ≥2 mm in diameter and obtained 

from separate skin lesions, where possible. Patients were eligible if they had at least one 

biopsy with ≥10% CD30-positive malignant cells or lymphoid infiltrate by central pathology 

review and were not limited to the number of total biopsies [14].

2.2. Study objectives

As reported previously [14], ALCANZA was an international, open-label, randomised, 

phase III, multi-centre study to assess the efficacy and safety of brentuximab vedotin 

compared with PC. Local ethics committees or institutional review boards approved the 

protocol, and all patients provided written informed consent.

The aims of these post hoc analyses were to determine the relationship between baseline 

CD30 expression and response to brentuximab vedotin and to summarise LCT status and 

outcomes.
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2.3. Assessments

For CD30 assessment, patients with MF required two skin biopsies from separate lesions for 

eligibility, and additional biopsies were permitted at the investigator’s discretion. Eligibility 

required only one biopsy to be CD30-positive, defined as ≥ 10% of malignant cells or total 

lymphoid infiltrate demonstrating membrane, cytoplasmic, and/or Golgi staining pattern for 

CD30 at any intensity above background staining. Percent positivity was determined based 

on neoplastic cell staining first. If neoplastic cells could not be easily distinguished from 

non-neoplastic, then percent positivity was determined based on total lymphocyte staining. 

CD30 expression levels were assessed by Marise McNeeley (Central Pathology review) 

utilising the Ventana BerH2 assay. For descriptive purposes, patients’ baseline minimum 

and average CD30 expression results (CD30min and CD30avg) from their skin biopsies 

are reported. CD30min was derived by taking the average of the result of the biopsy with 

the lowest CD30 expression from each patient, and the CD30ave was calculated as the 

average CD30 expression for all biopsies from an individual patient. For the purposes of 

efficacy analyses, patients were categorised into one of two groups based on the lowest level 

of CD30 expression (CD30min): CD30min < 10% and CD30min ≥ 10% (Fig. 1). Patients 

categorised as CD30min < 10% had at least one biopsy with CD30 expression below 10% 

and at least one other biopsy with at least 10% CD30 expression, the threshold for eligibility 

(Fig. 1A). Patients categorised as CD30min ≥ 10% had ≥10% CD30 expression in both or all 

biopsies (Fig. 1B).

LCT status at study entry was retrospectively assessed using ≥2 biopsies obtained at the 

screening. Patients were deemed to have LCT if any single biopsy showed the presence of 

large cells with nuclei ≥4 times larger than those of normal lymphocytes present in >25% 

of total dermal infiltrate. LCT status was assessed via central pathologist review (Marise 

McNeeley), and the LCT-assessment methodology was developed in collaboration with 

Alejandro Gru (University of Virginia).

Pathologists who provided a central review of CD30 expression and LCT status were 

blinded to patients’ treatment assignment and clinical outcome.

Treatment-emergent adverse events (AEs) were assessed according to National Cancer 

Institute Common Terminology Criteria for Adverse Events (CTCAE), version 4.03. Serious 

AEs were untoward medical occurrences that resulted in death, were lifethreatening, 

required hospitalisation or prolongation of existing hospitalisation, resulted in persistent or 

significant disability or capacity, a congenital anomaly/birth defect or an important medical 

event.

Statistical methods are described in the supplementary file.

3. Results

3.1. Patients and disposition

Baseline demographics and disease characteristics for the intention to treat population and 

patient dispositions have been previously reported [14]. Of the 131 patients randomised, 

100 had CD30-positive MF (n = 50 in each arm). After randomisation, biopsies from the 
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100 patients with MF were reassessed for CD30 expression levels using the Ventana IUO 

assay; baseline biopsy CD30 expression ranged from 0.0% (undetectable) to 100.0%. Three 

patients (two in the brentuximab vedotin arm and one in the PC arm) had biopsies that were 

not confirmed as CD30-positive. All three received study treatment, and consequently, they 

were included in safety analyses but were excluded from the ITT analyses reported in the 

primary publication. The median CD30min was 10.0% (range: 0.0–100.0%). CD30 levels 

exhibited high inter-patient and intra-patient variability with several patients exhibiting 

>60% difference in CD30 expression between biopsies (range: 0–72%) (Fig. 1C). When 

patients were categorised per baseline, CD30 expression level (CD30min < 10% and 

CD30min ≥ 10%), 43 patients (43.0%; 22 in the brentuximab vedotin arm and 21 in the 

PC arm) had ≥1 biopsy with <10% CD30 expression (CD30min < 10%) and 57 patients 

(57.0%; 28 in the brentuximab vedotin arm and 29 in the PC arm) had all biopsies with 

≥10% CD30 expression (CD30min ≥ 10%).

Of the 100 patients with CD30-positive MF, 96 were evaluated for LCT status (n = 48 

in each arm) and were included in the response-by-LCT analyses, 4 patients had biopsies 

that could not be assessed due to crushing artefacts and were therefore classified as having 

unknown LCT status. Baseline characteristics were well balanced between subgroups (Table 

1). In both arms, patients with LCT had a wide range of baseline CD30 levels per patient 

(Table S1). In general, patients with LCT had higher median value of average CD30 

(CD30avg) positivity (brentuximab vedotin: 50%; PC: 35%) compared with those without 

LCT (brentuximab vedotin: 15%; PC: 15%) (Table 1).

3.2. Efficacy

3.2.1. Efficacy of brentuximab vedotin by CD30 expression level—Recognising 

the high inter-patient and intra-patient variability of CD30 expression levels at baseline, 

the relationship between baseline CD30 levels and ORR4 was assessed on a per-patient 

basis. Among the 50 patients with CD30-positive MF treated with brentuximab vedotin, 25 

patients (50.0%) achieved ORR4 criteria independent of baseline CD30 expression levels 

(Fig. 2). Brentuximab vedotin was superior to PC in the CD30min < 10% subgroup (ORR4 

40.9% versus 9.5%; Δ31.4% [95% CI 2.8–58.1]) and CD30min ≥ 10% subgroup (ORR4 

57.1% versus 10.3%; Δ46.8% [95% CI: 20.6–67.0]) (Table 2).

Median PFS in the brentuximab vedotin arm was higher than that in the PC arm, 

regardless of baseline CD30 expression. For patients with CD30min < 10% median PFS 

with brentuximab vedotin was 16.7 months (95% CI: 8.6–27.0) versus 2.3 months (95% 

CI: 1.6–3.5) with PC (HR: 0.189; 95% CI: 0.087–0.414). For patients with CD30min ≥ 

10%, median PFS was 15.5 months with brentuximab vedotin (95% CI: 9.8–22.8) versus 

3.9 months with PC (95% CI: 2.2–6.3) with HR: 0.340 (95% CI: 0.172–0.674) (Fig. 3). 

The CD30min and CD30max levels at baseline had no discernible effect on whether patients 

achieved an ORR4 or not (Fig. S1).

3.2.2. Efficacy of brentuximab vedotin by LCT status—ORR4 was consistently 

higher with brentuximab vedotin versus PC in patients with LCT (n = 11 [64.7%] versus 

n = 3 [17.6%]) and those without LCT (n = 12 [38.7%] versus n = 2 [6.5%]) (Table 2). 
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Within the brentuximab vedotin arm, a higher proportion of patients with LCT achieved an 

ORR4 than those without LCT (64.7% [n = 11] versus 38.7% [n = 12]) (Table S1), although 

the difference was not significant (p = 0.155). Median PFS was improved with brentuximab 

vedotin versus PC in patients with LCT (15.5 months [95% CI: 9.1–22.8] versus 2.8 months 

[95% CI: 1.4–7.3]; p = 0.002) and without LCT (16.1 months [95% CI: 8.6–21.6] versus 3.5 

months [95% CI: 2.2–4.3]; p < 0.001) (Table 2).

Among patients with LCT, the median CD30avg expression was 65% in patients who 

achieved ORR4 versus 20% in those who did not (Table S1). Of the patients with LCT 

who achieved ORR4, 9/11 patients in the brentuximab vedotin arm had CD30avg ≥ 40.0%, 

but responses were also noted in the 2 patients with low CD30avg (10.0% and 17.5%) (Fig. 

S2A). In the PC arm 3 patients with a range of CD30avg values achieved OR lasting ≥4 

months (Fig. S2B).

3.3. Safety analyses

In the primary analysis of the ALCANZA safety population, any grade adverse events (AEs) 

occurred in 95% of 66 patients in the brentuximab vedotin arm and 90% of the 62 patients 

in the PC arm; grade 3–4 AE rates were 41% and 47% in the brentuximab vedotin and 

PC arms, respectively [14]. In the brentuximab vedotin arm, peripheral neuropathy was 

the most frequent any grade AE, occurring in 67% of patients in the brentuximab vedotin 

group versus 6% in the PC arm. In the PC arm, the AE profiles were different between 

patients treated with methotrexate and bexarotene. The most frequent any grade AE in 

methotrexate-treated patients was pyrexia (28% [4% grade 3]), whereas the most frequent 

AE in bexarotene-treated patients was hypertriglyceridaemia (30% [14% grade 3, 8% grade 

4]) [14].

Table 3 presents a summary of treatment-emergent AEs occurring in patients with MF 

categorised by CD30 expression levels per the current analysis. Overall, AE incidences were 

similar in the brentuximab vedotin and PC treatment arms regardless of CD30 expression 

levels. Peripheral neuropathy occurred more often in brentuximab vedotin-treated patients 

with similar rates between CD30min < 10% and CD30min ≥ 10% (68.2% and 67.9%, 

respectively). Rates of grade ≥3 AEs were not significantly different in patients with 

CD30min < 10% compared with those with CD30min ≥ 10% in the brentuximab vedotin arm 

(50.0% versus 35.7%; p = 0.4670) and the PC arm (57.1% versus 32.1%; p = 0.1447). The 

incidence of serious AEs exhibited a similar pattern with numerically higher incidences in 

patients with CD30min <10% compared with those with CD30min ≥ 10% in the brentuximab 

vedotin arm (31.8% versus 28.6%) and the PC arm (42.9% versus 17.9%). There was no 

difference in safety with respect to LCT status.

4. Discussion

Previous studies have demonstrated responses to brentuximab vedotin in patients with MF 

across a range of CD30 expression levels, including 0% [7,8]. The current analyses found 

that despite high inter-patient and intra-patient variability in baseline CD30 expression 

levels of patients with MF, a higher proportion of patients treated with brentuximab vedotin 
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patients achieved ORR4 compared with those who received PC, and median PFS values 

were higher with brentuximab vedotin, regardless of baseline CD30 expression levels 

as assessed by CD30min. Clinical responses lasting at least 4 months (ORR4 criteria) 

were observed across all CD30 expression levels. In addition, AE profiles were generally 

comparable, irrespective of baseline CD30 expression levels.

The results observed in the ALCANZA study were consistent with previously reported 

investigator-initiated studies [6–8] where significant clinical activity was observed in 

patients with low-levels (<10%) of skin CD30 expression. In ALCANZA, demonstration 

of the effectiveness of brentuximab vedotin in patients who have low (<10%) or visually 

undetectable levels of CD30 by IHC in one biopsy may be due to lack of sensitivity of the 

assay used to detect cell-surface CD30 expression. In another CTCL study, the use of a more 

sensitive detection methodology (e.g. multispectral imaging) suggests that appreciable CD30 

expression may be present in up to 95% of IHC-negative biopsies [8]. A post-marketing 

commitment for the approval of brentuximab vedotin + cyclophosphamide, doxorubicin, 

and prednisolone (CHP) in front-line sALCL or other CD30-expressing peripheral T-cell 

lymphomas is to develop a clinically validated in vitro diagnostic for CD30 expression to 

inform patient selection. In the meantime, standard IHC detection remains an appropriate 

tool for characterising CD30-expressing malignancies, though guidelines may be helpful.

In ALCANZA, the presence of highly variable CD30 expression between different lesions 

within the same patient (intra-patient variability) may also contribute to why patients 

identified as “CD30-negative” in a single biopsy may benefit from brentuximab vedotin. 

With 43% of MF patients enrolled having at least one baseline biopsy with <10% CD30 

expression, multiple biopsies may be considered for testing; however, assessment of 

CD30 expression levels in an investigator-initiated trial utilising multiple skin biopsies 

demonstrated similar intra-patient variability in the CD30 expression levels [6,8]. Other 

studies have postulated that alternative, CD30-independent tumour killing mechanisms 

may contribute to the antitumour activity of brentuximab vedotin. These include antibody-

dependent cellular phagocytosis, immunogenic cell death, the bystander effect and depletion 

of CD30-positive T regulatory cells [15–20]. In the ALCANZA study, there does not appear 

to be a level of CD30 expression that is predictive of response to brentuximab vedotin for 

patients with MF making the determination of a threshold level uncertain. Interpretation of 

these findings may be limited as the ALCANZA study excluded patients with <10% CD30 

expression per central review, and patients may have been selected for screening based upon 

the local evaluation of CD30 expression.

LCT in patients with MF is largely seen as an independent prognostic factor for a less 

favourable outcome in patients with MF, being associated with aggressive disease and 

inferior prognosis [10–13,21]. Contrary to this, the current sub-analysis of patients with 

MF in the ALCANZA study found that the superior efficacy of brentuximab vedotin 

compared with PC was largely unaffected by the presence or absence of LCT. In terms of the 

ALCANZA primary endpoint, ORR4, patients with MF and baseline LCT achieved higher 

ORR4 than those without LCT in both the brentuximab vedotin and the PC arms. Within 

each arm, median PFS was comparable between LCT subgroups, suggesting no clinically 

meaningful impact of LCT status on PFS. Interpretation of results per LCT status may, 

Kim et al. Page 9

Eur J Cancer. Author manuscript; available in PMC 2022 August 03.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



however, be limited by low sample size and intra-patient heterogeneity of detectable LCT in 

individual biopsies. In other words, patients without LCT may actually have false-negative 

biopsies based on selection bias relating to the biopsy site. Within each arm, median PFS 

was comparable between LCT subgroups, suggesting no clinically meaningful impact of 

LCT status on PFS.

Finally, the safety profiles of brentuximab vedotin and PC in patients with MF were similar 

and largely unaffected by baseline CD30 status; rates of serious AEs were similar between 

the CD30min ≥ 10% and CD30min < 10% subgroups. Peripheral neuropathy is a known 

effect of brentuximab vedotin treatment and is generally reversible [14]. There was no 

meaningful difference in rates of peripheral neuropathy in each of the CD30 subgroups 

evaluated.

In conclusion, these results indicate that in the ALCANZA study population, CD30 

expression is present in most of the patients with MF, both with and without LCT. Given 

that treatment responses were observed across the entire range of CD30 expression, study 

outcomes demonstrate a consistently favourable benefit/risk profile for brentuximab vedotin 

in patients, irrespective of baseline CD30 expression levels and LCT status.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Fig. 1. 
Intra-patient, inter-patient and inter-lesional variability in baseline CD30 expression levels in 

patients with CD30-positive mycosis fungoides. Patients were allocated to two groups based 

on their biopsy with the CD30min. Patients who had at least one biopsy with <10% CD30 

expression (A) were allocated to the CD30min < 10% group, and those with both/all biopsies 

with ≥10% CD30 expression (B) allocated to CD30min ≥ 10% group. Baseline per patient 

CD30 expression levels are shown in (C). Each box represents an intra-patient range of 

CD30 expression for individual patients. Data were plotted from highest to lowest variability 

in CD30 expression. Horizontal bars within each box represent median CD30 expression 

among all biopsies tested. The top and bottom of each box represent maximum (CD30max) 
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and CD30min values for all biopsies from each patient. The horizontal dashed line at 10% 

represents the cut-off for enrollment. CD30max, maximum CD30 levels; CD30min, minimum 

CD30 levels.
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Fig. 2. 
Overall response rate lasting ≥4 months in patients with CD30-positive mycosis fungoides 

treated with brentuximab vedotin. Per patient objective response rate lasting ≥4 months 

and minimum baseline (CD30min) levels. Each box represents an intra-patient range of 

CD30 expression for individual patients; individual dots represent CD30 expression from 

individual biopsies at baseline. Data were plotted from highest to lowest variability in CD30 

expression. Horizontal bars within each box represent median CD30 expression among 

all biopsies tested. The top and bottom of each box represent 75th and 25th percentiles; 

upper and lower ends of vertical dashed lines represent maximum and minimum values (for 

patients with two biopsies 75th and 25th percentiles overlapped maximum and minimum 

values). The horizontal dashed line at 10% represents the cut-off for enrollment.
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Fig. 3. 
Comparison of PFS with brentuximab vedotin versus physician’s choice by baseline CD30 

expression level in patients with CD30-positive mycosis fungoides. CD30min, minimum 

CD30; CI, confidence interval; HR, hazard ratio; PFS, progression-free survival.
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Table 1

Baseline characteristics of patients with LCT-evaluable CD30-positive mycosis fungoides.

Brentuximab vedotin (n = 48) Physician’s choice (n = 48)

Male, n (%) 27 (56) 26 (54)

Median age, years (range) 56 (22–83) 59 (22–81)

LCT present, n (%) 17 (35) 17 (35)

LCT absent, n (%) 31 (65) 31 (65)

Overall staging, n (%)

IA–IIA 15 (31) 19 (40)

IIB 19 (40) 18 (38)

III 4 (8) 2 (4)

IV 9 (19) 9 (19)

Unknown 1 (2) –

LCT present (n = 17) (n = 17)

Median CD30avg,% (range) 50.00 (3.0–95.0) 35.00 (6.3–97.5)

Median CD30min,% (range) 30.00 (0.0–95.0) 20.00 (0.0–95.0)

LCT absent (n = 31) (n = 31)

Median CD30avg,% (range) 15.00 (3.8–70.0) 15.00 (1.0–71.7)

Median CD30min,% (range) 5.00 (0.0–60.0) 8.00 (0.0–50.0)

CD30avg, CD30 average levels; CD30min, minimum CD30 levels; LCT, large cell transformation.
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