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Abstract

:

Brentuximab vedotin (BV) monotherapy (BV-M) and combination (BV-C) therapies are safe and effective for classical Hodgkin lymphoma (cHL) and CD30-expressing peripheral T-cell lymphomas (PTCLs). Although the sample sizes have been small (12–29 patients), in clinical studies, response rates of 53–88% have been reported for BV retreatment in patients with an initial BV response. We evaluated the real-world characteristics and treatment patterns of cHL/PTCL patients who received BV and were retreated in the United States. Symphony Health Patient Claims (11/2013–1/2022) were retrospectively analyzed to identify cHL/PTCL patients treated with BV and retreated with BV-M, BV-C, or non-BV therapy. Patient characteristics were described by retreatment, and predictors of BV-M retreatment were identified. Among the cHL and PTCL patients treated with BV (n = 6442 and 2472, respectively), 13% and 12%, respectively, were retreated with BV; the median times from initial BV to BV-M retreatment were 5 and 7 months, respectively; and the numbers of BV-M retreatment doses were 4 and 5, respectively. Among cHL patients, the predictors of BV-M retreatment were age (18–39 vs. ≥60 years), sex (women vs. men), and previous stem cell transplantation (yes vs. no). Among PTCL patients, the only predictor of BV-M retreatment was systemic anaplastic large-cell lymphoma subtype (yes vs. no). Real-world data support clinical study results suggesting earlier BV treatment be considered, as BV retreatment may be an option.
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1. Introduction


In the United States, brentuximab vedotin (BV) in combination with chemotherapy is approved for adults with previously untreated stage III/IV classical Hodgkin lymphoma (cHL) and for adults with previously untreated CD30-expressing peripheral T-cell lymphoma (PTCL) [1]. As a monotherapy, BV (BV-M) is approved for adults with cHL or CD30-expressing PTCL who have failed prior multiagent chemotherapy regimens [1].



In ECHELON-1, adults with previously untreated stage III/IV cHL randomized to A + AVD (BV with doxorubicin, vinblastine, and dacarbazine) versus ABVD (doxorubicin, bleomycin, vinblastine, and dacarbazine) demonstrated a 41% reduction in the risk of death after a median follow-up of 73 months (6-year overall survival (OS), 93.9% vs. 89.4%; hazard ratio (HR) for death, 0.59; 95% CI, 0.40–0.88; p = 0.009) and a 32% reduction in the risk of disease progression or death (progression-free survival (PFS), 82.3% vs. 74.5%; HR, 0.68; 95% CI, 0.53–0.86) [2]. In ECHELON-2, adults with previously untreated CD30-expressing PTCL randomized to A + CHP (BV with cyclophosphamide, doxorubicin, and prednisone) versus CHOP (cyclophosphamide, doxorubicin, vincristine, and prednisone) demonstrated clinically meaningful improvements in 5-year OS (70.1% vs. 61.0%; HR, 0.72; 95% CI, 0.53–0.99) and 5-year PFS (51.4% vs. 43.0%; HR, 0.70; 95% CI, 0.53–0.91) [3]. Positive responses were also documented with BV-M in adults with previously treated cHL (overall response rate (ORR), 75%) [4] or systemic anaplastic large-cell lymphoma (sALCL), an aggressive PTCL subtype that universally expresses CD30 (ORR, 86%) [5].



Following an initial response to BV therapy, BV retreatment may be an option, with ORRs of 53–60% (complete response (CR) rate, 18–30%) in cHL [6,7,8] and 59–88% (CR rate, 38–67%) in CD30-expressing PTCL [3,6,7,8], with higher ORRs (63–100%) and CR rates (42–75%) reported for patients with sALCL [3,6,7,8].



As sample sizes have been small in clinical studies (12–29 patients) [3,6,7,8] and real-world BV-retreatment data are sparse, we evaluated the real-world characteristics and treatment patterns of patients with cHL or PTCL treated with a BV regimen and retreated with BV-M, BV combination therapy (BV-C), or non-BV therapy in the United States. Predictors of BV-M retreatment in patients with cHL or PTCL were also identified.




2. Materials and Methods


2.1. Study Design


Patient medical and pharmacy claims within the Symphony Health database were retrospectively analyzed to identify patients with cHL or PTCL initially treated with a BV regimen and retreated with BV-M, BV-C, or non-BV therapy (Figure 1). The Symphony Health database is a geographically representative database that captures a substantial portion of total medical activity in the United States. The database consists of claims submitted by physicians and pharmacies in the United States for reimbursement of services rendered to patients using CMS1450 and CMS1500 forms for medical claims and NCPDP forms for pharmacy claims. All payment types (cash, commercial, Medicare, Medicaid, and assistance programs) and all plans are represented. Patients are uniquely identified and can be tracked over 10 years across all practice settings. More than 95% of claims are linked to a unique practitioner.



During the study period (1 November 2013–8 January 2022), patients with a first cHL or PTCL claim (diagnosis date) starting on 1 April 2014 were identified to allow for the evaluation of ≥3 months of data prior to first cHL or PTCL diagnosis (i.e., pre-diagnosis period with no cHL or PTCL claims). Following the first cHL or PTCL diagnosis, patients treated with an initial BV regimen and then retreated with BV-M, BV-C, or non-BV therapy were identified. The index date was the start date for retreatment with BV-M, BV-C, or non-BV therapy (i.e., index treatment). The study baseline period was the 3-month period preceding the index date, and the follow-up period was at least 3 months following the index date to the earlier of the end of the study or disenrollment.



As this was a non-interventional, retrospective claims database analysis, informed consent or review and approval by an ethics committee were not required. The data evaluated were deidentified and could not be traced back to individual patients.




2.2. Study Population


Patients had a cHL or PTCL diagnosis identified by ICD-9/10 codes with ≥1 inpatient claim or ≥2 outpatient claims separated by ≥1 day and were at least 18 years of age at index. Additionally, patients were treated with an initial BV regimen and retreated with BV-M, BV-C, or non-BV therapy identified by either a treatment gap of ≥90 days or a change in treatment. Patients needed ≥3 months of continuous health plan enrollment prior to the cHL or PTCL diagnosis date and ≥3 months of continuous health plan enrollment following the index date.



Patients with ≥1 BV claim during the 3-month pre-diagnosis period were excluded from the analysis. For patients with cHL, those whose initial and index treatments were A + AVD or index treatment was A + CHP were excluded. For patients with PTCL, those whose initial and index treatments were A + CHP were excluded.




2.3. Outcomes


The proportions of patients receiving an initial BV regimen and retreatment with BV-M, BV-C, or non-BV therapy were calculated. The demographics included age, sex, and treatment region, and clinical characteristics included index year, diagnosis year, and previous treatment history including stem cell transplantation (SCT), PTCL subtypes, and Quan-enhanced Charlson Comorbidity Index score. Time from index date to the end of follow-up was captured. Treatment regimens were identified by treatment procedure and National Drug Code and categorized as BV or non-BV.




2.4. Statistical Analysis


Patient demographics, clinical characteristics, treatment regimens, and treatment profiles were described descriptively and stratified by diagnosis. Summary statistics were calculated, including frequencies and percentages for categorical variables and medians and interquartile ranges for continuous variables.



Logistic regression was performed to estimate the odds ratios (ORs) and 95% confidence intervals for the patient characteristics associated with BV-M versus BV-C or non-BV retreatment. The regression models included the following independent variables: age, sex, and receipt of SCT prior to index. PTCL subtype was also included in the PTCL model.





3. Results


3.1. cHL Cohort


Among patients with cHL treated with an initial BV regimen (N = 6442) and then retreated, 13% (n = 840) received BV at index and were included in either the BV-M (9% (n = 564)) or BV-C (4% (n = 276)) group; 14% (n = 900) received a non-BV therapy at index and were included in the non-BV group (Figure 2A).



3.1.1. BV-M Retreatment at Index


The median age at diagnosis was 39 years and 52% of patients were men (Table 1). The median time from initial BV regimen to BV-M retreatment was 5 months. The initial BV regimen was A + AVD for 5% of patients and 12% of patients received SCT pre-index. The median (IQR) time from BV-M retreatment at index to the end of follow-up was 31 (15–47) months. During retreatment, the median (IQR) number of BV-M doses was 4 (2–9), and 81% of BV-M retreatment at index occurred in the second- and third-line settings (Table 2).



Of the patients in the BV-M retreatment group, 31% subsequently received another systemic therapy (BV-M, 10%; BV-C, 1%; non-BV, 19%; Table 3), with a median time to subsequent therapy of 7 months. No patients received autologous SCT and 0.5% received allogeneic SCT (Table 3). The median time to subsequent SCT was 5 months.




3.1.2. BV-C Retreatment at Index


The median age was 42 years and 54% of patients were men (Table 1). The median time from initial BV regimen to BV-C retreatment was 2 months. The initial BV regimen was A + AVD for 18% of patients and 4% of patients received SCT pre-index. The median (IQR) time from the start of BV-C retreatment at index to the end of follow-up was 24 (12–36) months, and the median number of BV doses was 4 (2–6). The therapies received by >10% of the BV-C group at index included BV + other chemotherapy (63%), BV +immuno-oncologic (24%), and A + AVD (12%).



Among the BV-C group, 39% subsequently received another systemic therapy (BV-M, 5%; BV-C, 11%; non-BV therapy, 23%; Table 3). The median time to subsequent systemic therapy was 6 months. The median time to subsequent SCT was 3 months; 2.5% of patients in the BV-C group subsequently received SCT, including 1.1% who received autologous SCT and 1.4% who received allogeneic SCT.



Among the 32 patients who received A + AVD at index, all had originally received BV frontline (BV-M, n = 18; BV + other chemotherapy, n = 13; and BV + immuno-oncologic, n = 1), with 30 receiving A + AVD in the second-line setting and 2 in the third-line setting. The median (IQR) time between frontline BV and A + AVD at index was 1 (0–1) month. Seven patients receiving A + AVD at index subsequently received systemic therapy (BV-M, n = 1; non-BV, n = 6 (chemotherapy-containing regimens, n = 2 and pembrolizumab monotherapy, n = 4)).




3.1.3. Non-BV Retreatment at Index


The median age was 52 years and 61% of patients were men (Table 1). The median time from initial BV regimen to non-BV retreatment was 2 months. The initial BV regimen was A + AVD for 17% of patients; 5% of patients received SCT pre-index. The median (IQR) time from the start of non-BV retreatment at index to the end of follow-up was 25 (12–43) months. Index non-BV treatments received by >10% of the patients were chemotherapy alone (39%), nivolumab alone (39%), and pembrolizumab alone (19%).



Another systemic therapy was subsequently administered to 33% of patients in the non-BV group (Table 3). The median time to subsequent systemic therapy was 6 months. A subsequent SCT was received by 6.0% of patients in the non-BV retreatment group, including 4.4% who received autologous SCT and 1.6% who received allogeneic SCT. The median time to subsequent SCT was 3 months.




3.1.4. Predictors of Retreatment with BV-M in cHL


The predictors of BV-M versus BV-C or non-BV retreatment were age (18–39 vs. ≥60 years; OR, 1.353; 95% CI, 1.034–1.774; p = 0.028), sex (women vs. men: OR, 1.257; 95% CI, 1.017–1.555; p = 0.035), and previous SCT (SCT vs. no SCT pre-index: OR, 2.373; 95% CI, 1.617–3.498; p < 0.001; Figure 3A).





3.2. PTCL Cohort


Among patients with PTCL treated with an initial BV regimen (N = 2472) and then retreated, 12% (n = 294) received BV at index and were included in either the BV-M (9% (n = 221)) or BV-C (3% (n = 73)) group; 14% (n = 336) received a non-BV therapy at index and were included in the non-BV group (Figure 2B).



3.2.1. BV-M Retreatment at Index


The median age at diagnosis was 62 years, 64% of patients were men, and 49% had a non-sALCL subtype (Table 1). The median time from initial BV regimen to index BV-M retreatment was 7 months. Eighteen percent of patients received A + CHP as their initial BV regimen and 5% of patients received SCT pre-index. The median (IQR) time from BV-M retreatment at index to the end of follow-up was 20 (10–32) months. During retreatment, the median (IQR) number of BV-M doses was 5 (2–8), and 88% of BV-M retreatment at index occurred in the second- and third-line settings (Table 2).



Another systemic therapy was subsequently administered to 40% of patients in the BV-M group (BV-M, 18%; BV-C, 1%; non-BV, 21%; Table 3), with a median time to subsequent therapy of 8 months. The median time to subsequent SCT was 4 months; 2.7% of patients subsequently received SCT, including 0.9% who received autologous SCT and 1.8% who received allogeneic SCT.




3.2.2. BV-C Retreatment at Index


The median age was 57 years, 63% of patients were men, and 58% had a non-sALCL subtype (Table 1). The median time from initial BV regimen to BV-C retreatment was 1 month. Twenty-three percent of patients received A + CHP as their initial BV regimen. No patient received SCT pre-index. The median (IQR) time from start of index BV-C retreatment to the end of follow-up was 18 (11–26) months, with patients receiving a median (IQR) of 3 (2–5) BV doses. The most commonly administered index BV-C treatments were BV + other chemotherapy (56%), A + CHP (27%), and BV + immuno-oncologic (10%).



Among the BV-C group at index, 55% subsequently received another systemic therapy (BV-M, 6%; BV-C, 12%; non-BV, 37%; Table 3). The median (IQR) time to subsequent systemic therapy was 7 months. No patients subsequently received autologous SCT whereas 1.4% subsequently received an allogeneic SCT. The time to subsequent SCT was 5 months.



Among the 20 patients who received A + CHP at index, 15 had originally received BV frontline and 5 had received it as second-line therapy. The initial BV regimen was BV-M for 13 patients and BV + other chemotherapy for 7 patients. At index, 14 patients received A + CHP as second-line therapy and 6 patients received it as third-line therapy. The median (IQR) time between the initial BV therapy and index A + CHP was 1 (1–2) month. Seven patients who received index A + CHP subsequently received systemic therapy (BV-C, n = 1; non-BV therapy, n = 6 (chemotherapy-containing regimens, n = 3; romidepsin monotherapy, n = 2; and romidepsin-based therapy, n = 1)).




3.2.3. Non-BV Retreatment at Index


The median age was 64 years, 57% of patients were men, and 73% had a non-sALCL subtype (Table 1). The median time was 3 months from initial BV regimen to non-BV retreatment. The initial BV regimen for 24% of patients was A + CHP. Pre-index, 4% of patients received SCT. The median (IQR) time from start of non-BV retreatment at index to the end of follow-up was 12 (7–23) months. Non-BV treatments received at index by >10% of patients were chemotherapy alone (47%), histone deacetylase inhibitors (32%), and pralatrexate (12%).



Forty percent of patients in the non-BV therapy group at index subsequently received another systemic therapy (Table 3). The median time to subsequent systemic therapy was 4 months. The median time to subsequent SCT was 3 months; 2.7% of the patients subsequently received SCT, including 1.2% who received autologous SCT and 1.5% who received allogeneic SCT.




3.2.4. Predictors of Retreatment with BV-M in PTCL


The only predictor of BV-M versus BV-C or non-BV retreatment identified was PTCL subtype (sALCL vs. non-sALCL subtypes: OR, 2.298; 95% CI, 1.602–3.307; p < 0.001; Figure 3B).






4. Discussion


The results from this real-world analysis show that BV retreatment may be an option for some patients with cHL or PTCL. The safety and efficacy of frontline BV in combination with chemotherapy for adults with newly diagnosed stage III/IV cHL or previously untreated CD30-expressing PTCLs was established in the ECHELON-1 and ECHELON-2 trials. For patients with cHL who progress following frontline therapy, treatment options are limited and based on SCT eligibility. For patients with PTCL who progress following frontline therapy, treatment options are lacking. Clinical trial data suggest that BV retreatment may be an option following a response (typically >6 months) to an initial BV regimen in cHL (ORR, 53–60%; CR rate, 18–30%) [6,7,8] and CD30-expressing PTCLs (ORR, 59–88%; CR rate, 38–67%) [3,6,7,8].



In ECHELON-1 (A + AVD, n = 662) [2], 10 patients initially responding to A + AVD were retreated with BV (BV-M, n = 8; BV-C, n = 2) following disease progression, but neither treatment duration nor ORR were reported. In ECHELON-2 (A + CHP, n = 226) [3], 29 patients initially responding to A + CHP were retreated with ≥1 BV regimen following disease progression (BV-M, n = 25; BV-C, n = 4). The median time from frontline therapy to BV retreatment was 15 months, the ORR was 59% (CR rate, 38%), and the median treatment duration was 2.1 months.



BV retreatment was evaluated in several small clinical studies. An open-label, multicenter, international, phase 2 study evaluated BV retreatment following ≥2 systemic therapies (median of 4), including an initial BV regimen [6]. Patients retreated with BV received a median of 7 BV cycles. Among patients with Hodgkin lymphoma (n = 21; response assessment, n = 20) or sALCL (n = 8), the median time between the initial and subsequent BV regimens was 11.4 and 4.7 months, respectively; the ORR was 60% (CR rate, 30%) and 88% (CR rate, 63%), respectively; the duration of response was 9.2 and 12.3 months, respectively; and the median PFS was 9.9 and 12.9 months, respectively. Median OS was not reached in either the Hodgkin lymphoma group or the sALCL group.



A multicenter, single-arm, phase 2 clinical study evaluated BV retreatment in adults with relapsed/refractory cHL or CD30-expressing PTCL who received an initial BV regimen ≥ 6 months pre-study enrollment and had an objective response followed by disease progression/relapse [8]. Eleven patients received ≥1 study drug dose, with a median of 8 BV retreatment doses administered over 25 weeks. Of the patients enrolled, 55% were Black/African American. Patients with cHL (n = 5) or PTCL (n = 6 (sALCL, n = 4)) retreated with BV had a median age of 31 (range, 28–55) and 63 (35–77) years, respectively; a median time from initial to subsequent BV therapy of 28.2 and 20.1 months, respectively; and an ORR of 60% (CR rate, 20%) and 83% (CR rate, 67%; sALCL: ORR, 100%; CR rate, 75%), respectively.



A retrospective, multicenter, observational study assessed the safety and efficacy of BV retreatment in cHL or sALCL patients from October 2014–April 2018 in Japan [7]. Among all patients, 6 BV doses were administered over 5.9 months. Patients with cHL (n = 18; efficacy assessment, n = 17) or sALCL (n = 10) achieving a CR or partial response before discontinuing their initial BV regimen received BV retreatment. Among the cHL and sALCL groups (median age, 44.0 and 66.5 years, respectively), the ORR was 52.9% (CR rate, 17.6%) and 70.0% (CR rate, 60.0%), respectively; the duration of response was 21.5 months and not reached, respectively; the median time to treatment failure was 5.3 and 6.1 months, respectively; and the PFS was 5.3 months and not reached, respectively. At data cutoff, 22% of cHL patients and 50% of sALCL patients were still receiving BV retreatment. Following BV retreatment in the cHL and sALCL groups, 9 and 2 patients, respectively, subsequently received another systemic therapy and 2 and 1 patients, respectively, subsequently received SCT.



To our knowledge, our real-world analysis is the largest to date in the United States to evaluate BV retreatment and includes data for 840 patients with cHL and 294 patients with PTCL retreated with BV. The patients with cHL retreated with BV were similar to those participating in other cHL BV retreatment trials, with most patients receiving BV-M as their initial BV therapy. This finding likely reflected treatment practices during our study period, which started in November 2013. The initial BV regimen for 5% of patients in the BV-M group and 18% of patients in the BV-C group was A + AVD, a preferred frontline regimen for stage III/IV cHL that received Food and Drug Administration approval in 2018 [9].



A greater proportion of patients with cHL received SCT prior to retreatment with BV-M compared to those who received retreatment with BV-C or non-BV therapies. We found that patients with a previous SCT were more likely to be retreated with BV-M than with BV-C or non-BV therapy, perhaps reflecting the use of BV maintenance therapy post-autologous SCT, with such use supported by the AETHERA trial results [10].



Among patients with cHL retreated with BV-M or BV-C in our analysis, 31% and 39%, respectively, received subsequent systemic therapy, and 0.5% and 2.5%, respectively, received subsequent SCT. Although these numbers were lower than the 50% and 11.1% of patients who received subsequent systemic therapy or subsequent SCT, respectively, in the retrospective study from Japan [7], we did find that approximately 11% of the BV-M group and 16% of the BV-C group received a subsequent round of BV as a third or later line of therapy.



The patients with PTCL in our analysis also had similar characteristics to clinical trial participants. We found that 51% of patients retreated with BV-M and 42% of patients retreated with BV-C had sALCL and that patients with versus without an sALCL subtype were more likely to be retreated with BV-M than with BV-C or non-BV therapy. This result was not surprising, as sALCLs universally express CD30 and BV is indicated in the relapsed/refractory setting for sALCL. However, BV-M is also guideline-recommended for CD30-expressing non-sALCL subtypes [11], such as PTCL-not otherwise specified (NOS; CD30 expression, ~60%) and angioimmunoblastic T-cell lymphoma (CD30 expression, ~50%) [12]. We found that 49% of participants treated with BV-M had a non-sALCL subtype, potentially reflecting a need for additional therapies for relapsed/refractory PTCL. Some of these patients potentially had CD30-expressing disease, as CD30 expression is not captured in the Symphony Health database.



As with the patients with cHL, most patients with PTCL in the BV-M and BV-C groups previously received BV-M, which was approved for sALCL in 2011. However, 18% and 23% of the BV-M and BV-C groups, respectively, initially received A + CHP, which was approved in 2018 for the frontline treatment of CD30-expressing PTCLs. In the BV-M and BV-C groups, 40% and 55%, respectively, subsequently received another systemic therapy, and 2.7% and 1.4%, respectively, received subsequent SCT. Among those treated with an initial BV regimen, approximately 19% in the BV-M group and 18% in the BV-C group subsequently received BV as a third or later line of therapy.



Finally, across the identified clinical and real-world studies, patients retreated with BV in the clinical studies received more BV retreatment doses than those in the real-world studies, a finding that was not unexpected. In the clinical studies by Bartlett [6] and Sano [8], patients received a median of 7–8 BV retreatment doses. In the real-world study by Fukuhara [7], patients received 6 BV retreatment doses, and, in our analysis, the patients received a median of 3–5 BV retreatment doses. This variance may merely reflect differences between real-world practice and clinical trial settings.



This study’s limitations include those intrinsic to retrospective claims analyses and include selection bias, reliance on complete and accurate coding, the impact of unmeasured characteristics (e.g., disease stage, biomarkers, clinical outcomes), and a lack of information on lines of therapy. Some patients could have received lead-in BV-M prior to receiving BV-C at index, as the median time from initial to index BV was 2 months for cHL and 1 month for PTCL. However, after excluding the small number of patients with cHL who received A + AVD at index and the small number of patients with PTCL who received A + CHP at index, which may represent a change in initial therapy versus a new line of therapy, our results continue to support BV retreatment for some patients.



Although the Symphony Health data represent a substantial proportion of all U.S. medical claims and provide important information on real-world characteristics and treatment utilization, the results may not be generalizable to all patients with cHL or PTCL or to all practice settings. For patients with PTCL, CD30 testing results are not available in claims data; however, most patients with PTCL retreated with BV in this study had a subtype (i.e., sALCL or PTCL-NOS) with a CD30 expression rate of ≥60% [12]. Additionally, the database does not include information on laboratory test results or clinical outcomes that include response rates and survival data. Lastly, treatment selection may have been influenced by formulary restrictions for BV and other treatment regimens and the standard of care during the study period (2013–2022). Further retrospective research is needed to understand real-world clinical outcomes in patients with cHL or PTCL.




5. Conclusions


In this retrospective administrative claims analysis, we found that patients with cHL or PTCL initially treated with a BV-containing regimen were retreated with BV. Patients with cHL retreated with BV-M received a median of 4 doses and those with PTCL received a median of 5 doses. Our real-world findings, when viewed in conjunction with those from clinical studies that have reported ORRs of 53–60% in patients with cHL and 59–88% in patients with CD30-expressing PTCL retreated with BV, suggest that BV retreatment may be a viable option for some patients, including those intolerant to aggressive therapy.







Author Contributions


Conceptualization, N.L., S.K., J.P.M., S.W., J.W. and K.S.Y.; data curation, J.P.M., S.W. and J.W.; formal analysis, J.P.M., S.W. and J.W.; funding acquisition, N.L. and K.S.Y.; investigation, N.L., J.P.M., S.W., J.W. and K.S.Y.; methodology, D.S., N.L., S.K., J.P.M., S.W., J.W., K.S.Y. and S.T.L.; project administration, N.L. and K.S.Y.; resources, D.S., N.L., S.K., J.P.M., S.W., J.W., K.S.Y. and S.T.L.; software, J.P.M., S.W. and J.W.; supervision, N.L. and K.S.Y.; validation, D.S., N.L., S.K., J.P.M., S.W., J.W., K.S.Y. and S.T.L.; visualization, D.S., N.L., S.K., J.P.M., S.W., J.W., K.S.Y. and S.T.L.; writing—original draft, N.L., J.P.M., S.W. and J.W.; writing—review and editing, D.S., N.L., S.K., J.P.M., S.W., J.W., K.S.Y. and S.T.L. All authors have read and agreed to the published version of the manuscript.




Funding


This study was funded by Seagen Inc., which was acquired by Pfizer Inc. in December 2023. Nicholas Liu, Scott Knowles, and Kristina S. Yu are current (N.L., S.K.) or former (K.S.Y.) employees of Pfizer Inc. and were involved in the study’s design, interpretation of data, and writing of this manuscript.




Institutional Review Board Statement


As this was a non-interventional, retrospective claims database analysis, informed consent or review and approval by an ethics committee were not required. The data evaluated were deidentified and could not be traced back to individual patients.




Informed Consent Statement


Not applicable.




Data Availability Statement


The data underlying this article will be shared on reasonable request to the corresponding author.




Acknowledgments


Medical writing support was provided by Sarah A. Thompson, PharmD, and Beth A. Lesher, PharmD, BCPS, from OPEN Health, and it was funded by the study’s sponsor.




Conflicts of Interest


Dahlia Sano: no competing interests to declare. Nicholas Liu: employee of Pfizer Inc. Scott Knowles: employee of Pfizer Inc. Joanna P. MacEwan: employee of Genesis Research, which received funding to conduct this study from Seagen Inc., which was acquired by Pfizer Inc. in December 2023. Shu Wang: employee of Genesis Research, which received funding to conduct this study from Seagen Inc., which was acquired by Pfizer Inc. in December 2023. Jenifer Wogen: employee of Genesis Research, which received funding to conduct this study from Seagen Inc., which was acquired by Pfizer Inc. in December 2023. Kristina S. Yu: employee of Seagen Inc., which was acquired by Pfizer Inc. in December 2023, at the time the study was conducted. Seung Tae Lee: no competing interests to declare.




References


	



ADCETRIS [Package Insert]; Seagen Inc.: Bothell, WA, USA, 2023.

	



Ansell, S.M.; Radford, J.; Connors, J.M.; Długosz-Danecka, M.; Kim, W.S.; Gallamini, A.; Ramchandren, R.; Friedberg, J.W.; Advani, R.; Hutchings, M.; et al. Overall survival with brentuximab vedotin in stage III or IV Hodgkin’s lymphoma. N. Engl. J. Med. 2022, 387, 310–320. [Google Scholar] [CrossRef] [PubMed]

	



Horwitz, S.; O’Connor, O.A.; Pro, B.; Trümper, L.; Iyer, S.; Advani, R.; Bartlett, N.L.; Christensen, J.H.; Morschhauser, F.; Domingo-Domenech, E.; et al. The ECHELON-2 Trial: 5-year results of a randomized, phase III study of brentuximab vedotin with chemotherapy for CD30-positive peripheral T-cell lymphoma. Ann. Oncol. 2022, 33, 288–298. [Google Scholar] [CrossRef] [PubMed]

	



Younes, A.; Gopal, A.K.; Smith, S.E.; Ansell, S.M.; Rosenblatt, J.D.; Savage, K.J.; Ramchandren, R.; Bartlett, N.L.; Cheson, B.D.; de Vos, S.; et al. Results of a pivotal phase II study of brentuximab vedotin for patients with relapsed or refractory Hodgkin’s lymphoma. J. Clin. Oncol. 2012, 30, 2183–2189. [Google Scholar] [CrossRef] [PubMed]

	



Pro, B.; Advani, R.; Brice, P.; Bartlett, N.L.; Rosenblatt, J.D.; Illidge, T.; Matous, J.; Ramchandren, R.; Fanale, M.; Connors, J.M.; et al. Brentuximab vedotin (SGN-35) in patients with relapsed or refractory systemic anaplastic large-cell lymphoma: Results of a phase II study. J. Clin. Oncol. 2012, 30, 2190–2196. [Google Scholar] [CrossRef] [PubMed]

	



Bartlett, N.L.; Chen, R.; Fanale, M.A.; Brice, P.; Gopal, A.; Smith, S.E.; Advani, R.; Matous, J.V.; Ramchandren, R.; Rosenblatt, J.D.; et al. Retreatment with brentuximab vedotin in patients with CD30-positive hematologic malignancies. J. Hematol. Oncol. 2014, 7, 24. [Google Scholar] [CrossRef] [PubMed]

	



Fukuhara, N.; Yamamoto, G.; Tsujimura, H.; Chou, T.; Shibayama, H.; Yanai, T.; Shibuya, K.; Izutsu, K. Retreatment with brentuximab vedotin in patients with relapsed/refractory classical Hodgkin lymphoma or systemic anaplastic large-cell lymphoma: A multicenter retrospective study. Leuk Lymphoma 2020, 61, 176–180. [Google Scholar] [CrossRef] [PubMed]

	



Sano, D.; Ahmed, S.; Liu, J.; Knowles, S.; Lee, S.T. Efficacy and safety of retreatment with brentuximab vedotin in patients with relapsed or refractory classical Hodgkin lymphoma or CD30-expressing peripheral T cell lymphoma. Blood 2022, 140, 12003–12004. [Google Scholar] [CrossRef]

	



Hoppe, R.T.; Advani, R.H.; Ai, W.Z.; Ambinder, R.F.; Armand, P.; Bello, C.M.; Benitez, C.M.; Chen, W.; Dabaja, B.; Daly, M.E.; et al. NCCN Guidelines® Insights: Hodgkin Lymphoma, Version 2.2022. J. Natl. Compr. Cancer Netw. 2022, 20, 322–334. [Google Scholar] [CrossRef]

	



Moskowitz, C.H.; Walewski, J.; Nademanee, A.; Masszi, T.; Agura, E.; Holowiecki, J.; Abidi, M.H.; Chen, A.I.; Stiff, P.; Viviani, S.; et al. Five-year PFS from the AETHERA trial of brentuximab vedotin for Hodgkin lymphoma at high risk of progression or relapse. Blood 2018, 132, 2639–2642. [Google Scholar] [CrossRef] [PubMed]

	



Horwitz, S.M.; Ansell, S.; Ai, W.Z.; Barnes, J.; Barta, S.K.; Brammer, J.; Clemens, M.W.; Dogan, A.; Foss, F.; Ghione, P.; et al. T-Cell Lymphomas, Version 2.2022, NCCN Clinical Practice Guidelines in Oncology. J. Natl. Compr. Canc. Netw. 2022, 20, 285–308. [Google Scholar] [CrossRef] [PubMed]

	



Sabattini, E.; Pizzi, M.; Tabanelli, V.; Baldin, P.; Sacchetti, C.S.; Agostinelli, C.; Zinzani, P.L.; Pileri, S.A. CD30 expression in peripheral T-cell lymphomas. Haematologica 2013, 98, e81–e82. [Google Scholar] [CrossRef] [PubMed]








[image: Curroncol 31 00195 g001] 





Figure 1. Study design. a, the diagnosis date was defined as the date of the first cHL or PTCL claim during the patient identification period; b, the index date was defined as the start date for retreatment with BV-M, BV-C, or non-BV therapy (i.e., index treatment). 
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Figure 2. Retreatment at index in patients with (A) cHL or (B) PTCL treated with an initial BV regimen. Because of rounding, percentages may not total 100. a, bendamustine, brentuximab vedotin, and pembrolizumab, n = 1; brentuximab vedotin, dacarbazine, doxorubicin, nivolumab, and vinblastine, n = 1; brentuximab vedotin, dacarbazine, doxorubicin, pembrolizumab, and vinblastine, n = 1; brentuximab vedotin, doxorubicin, gemcitabine, nivolumab, and vinorelbine, n = 1. b, nivolumab and pembrolizumab, n = 1. c, brentuximab vedotin and belinostat, n = 1; brentuximab vedotin, bendamustine, and pembrolizumab, n = 1; brentuximab vedotin and romidepsin, n = 3. d, bortezomib, n = 4; lenalidomide, n = 5. Abbreviations: A + AVD, brentuximab vedotin in combination with doxorubicin, vinblastine, and dacarbazine; A + CHP, brentuximab vedotin in combination with cyclophosphamide, doxorubicin, and prednisone; BV, brentuximab vedotin; cHL, classical Hodgkin lymphoma; HDAC, histone deacetylase inhibitor–based therapy; PTCL, peripheral T-cell lymphoma. 
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Figure 3. Predictors of BV-M versus BV-C or non-BV retreatment at index in patients with cHL (A) or PTCL (B) treated with an initial BV regimen. Note: Values of >1 indicate a greater likelihood of retreatment with BV-M than BV-C or non-BV therapy. The categorical variables included geographic region, year of initial BV regimen, and baseline individual Charlson Comorbidity Index score. The continuous variables included initial BV regimen line of therapy, follow-up time from diagnosis (cHL only), and age at diagnosis (PTCL only). Abbreviations: BV, brentuximab vedotin; BV-C, brentuximab vedotin combination therapy; BV-M, brentuximab vedotin monotherapy; cHL, classical Hodgkin lymphoma; OR, odds ratio; PTCL, peripheral T-cell lymphoma; sALCL, systemic anaplastic large-cell lymphoma; SCT, stem cell transplantation. 
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Table 1. Baseline characteristics for patients with cHL or PTCL who received BV-M, BV-C, or non-BV retreatment at index.
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cHL (N = 6442)

	
PTCL (N = 2472)




	
BV-M

n = 564

	
BV-C

n = 276

	
Non-BV

n = 900

	
BV-M

n = 221

	
BV-C

n = 73

	
Non-BV

n = 336






	
Age at diagnosis, median (IQR), yr

	
39

(28–60)

	
42

(28–68)

	
52

(32–69)

	
62

(51–72)

	
57

(47–66)

	
64

(55–72)




	
Age range, n (%)

	

	




	
      18–39 years

	
285 (51)

	
127 (46)

	
337 (37)

	




	
      40–59 years

	
130 (23)

	
68 (25)

	
214 (24)

	




	
      ≥60 years

	
149 (26)

	
81 (29)

	
349 (39)

	




	
Male sex, n (%)

	
295 (52)

	
149 (54)

	
547 (61)

	
141 (64)

	
46 (63)

	
191 (57)




	
PTCL subtype, n (%)

	

	




	
sALCL

	

	
112 (51)

	
31 (42)

	
92 (27)




	
Non-sALCL

	

	
109 (49)

	
42 (58)

	
244 (73)




	
      PTCL-NOS

	

	
85 (38)

	
30 (41)

	
153 (46)




	
      ATLL

	

	
18 (8)

	
7 (10)

	
71 (21)




	
      Mature T/NK-cell lymphoma

	

	
6 (3)

	
3 (4)

	
20 (6)




	
      Enteropathy-associated T-cell lymphoma

	

	
0 (0)

	
2 (3)

	
0 (0)




	
Initial BV regimen, n (%)

	

	




	
      A + AVD

	
29 (5)

	
49 (18)

	
155 (17)

	




	
      A + CHP

	

	
39 (18)

	
17 (23)

	
81 (24)




	
      BV-M

	
380 (67)

	
140 (51)

	
632 (70)

	
164 (74)

	
39 (53)

	
222 (66)




	
      BV + other chemotherapy a

	
138 (24)

	
67 (24)

	
93 (10)

	
16 (7)

	
17 (23)

	
27 (8)




	
      BV + immuno-oncologic

	
17 (3)

	
20 (7)

	
19 (2)

	
0 (0)

	
0 (0)

	
1 (<1)




	
      BV + other

	
0 (0)

	
0 (0)

	
1 (<1)

	
2 (1)

	
0 (0)

	
5 (2)




	
Prior SCT, n (%)

	
68 (12)

	
11 (4)

	
46 (5)

	
12 (5)

	
0 (0)

	
13 (4)




	
Prior lines of therapy, median (IQR) b

	
2 (1–2)

	
2 (1–2)

	
1 (1–2)

	
1 (1–2)

	
1 (1–2)

	
1 (1–2)




	
Time from initial BV regimen to index, mo

	

	




	
Mean (SD)

	
8 (8)

	
7 (12)

	
6 (9)

	
11 (10)

	
3 (6)

	
5 (7)




	
Median (IQR)

	
5 (4–8)

	
2 (1–7)

	
2 (1–7)

	
7 (4–14)

	
1 (1–2)

	
3 (1–7)








Because of rounding, percentages may not total 100. a, chemotherapies other than AVD in patients with cHL and CHP in patients with PTCL. b, lines of therapy received prior to index date. Abbreviations: A + AVD, brentuximab vedotin in combination with doxorubicin, vinblastine, and dacarbazine; A + CHP, brentuximab vedotin in combination with cyclophosphamide, doxorubicin, prednisone; ATLL, adult T-cell leukemia lymphoma; BV, brentuximab vedotin; BV-C, brentuximab vedotin combination therapy; BV-M, brentuximab vedotin monotherapy; cHL, classical Hodgkin lymphoma; IQR, interquartile range; mo, months; NOS, not otherwise specified; PTCL, peripheral T-cell lymphoma; sALCL, systemic anaplastic large-cell lymphoma; SCT, stem cell transplantation; SD, standard deviation; yr, years.













 





Table 2. BV-M retreatment at index by line of therapy in patients with cHL or PTCL.
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BV-M

Retreatment at Index

	
Initial BV Regimen for cHL, n (%)




	
Overall

N = 564

	
1L

n = 278

	
2L

n = 219

	
3L

n = 58

	
4L

n = 9






	
2L

	
195 (35)

	
195 (70)

	
-

	
-

	
-




	
3L

	
262 (46)

	
74 (27)

	
188 (86)

	
-

	
-




	
4L

	
79 (14)

	
6 (2)

	
28 (13)

	
45 (78)

	
-




	
5L

	
18 (3)

	
3 (1)

	
2 (1)

	
8 (14)

	
5 (56)




	
6L

	
7 (1)

	
0

	
1 (<1)

	
3 (5)

	
3 (33)




	
7L+

	
3 (<1)

	
0

	
0

	
2 (3)

	
1 (11)




	

	
Initial BV Regimen for PTCL, n (%)




	
N = 221

	
n = 154

	
n = 56

	
n = 9

	
n = 2




	
2L

	
133 (60)

	
133 (86)

	
-

	
-

	
-




	
3L

	
62 (28)

	
17 (11)

	
45 (80)

	
-

	
-




	
4L

	
16 (7.2)

	
2 (1.3)

	
8 (14)

	
6 (67)

	
-




	
5L

	
9 (4.1)

	
1 (0.6)

	
3 (5.4)

	
3 (33)

	
2 (100)




	
6L

	
1 (0.5)

	
1 (0.6)

	
0 (0)

	
0 (0)

	
0 (0)








Abbreviations: 2L, second line of therapy; 3L, third line of therapy; 4L, fourth line of therapy; 5L, fifth line of therapy; 6L, sixth line of therapy; 7L+, seventh and later lines of therapy; BV, brentuximab vedotin; BV-M, brentuximab vedotin monotherapy; cHL, classical Hodgkin lymphoma; PTCL, peripheral T-cell lymphoma.













 





Table 3. Subsequent treatment post-BV-M, -BV-C, or -non-BV retreatment at index.
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Subsequent Treatment a

	
cHL, Index Treatment

	
PTCL, Index Treatment




	
BV-M

n = 564

	
BV-C

n = 276

	
Non-BV

n = 900

	
BV-M

n = 221

	
BV-C

n = 73

	
Non-BV

n = 336






	
Systemic therapy, n (%)

	
174 (31)

	
108 (39)

	
300 (33)

	
89 (40)

	
40 (55)

	
134 (40)




	
BV-M

	
57 (10)

	
15 (5)

	
0 (0)

	
40 (18)

	
4 (6)

	
0 (0)




	
BV-C

	
8 (1)

	
29 (11)

	
0 (0)

	
3 (1)

	
9 (12)

	
0 (0)




	
Non-BV

	
109 (19)

	
64 (23)

	
300 (33)

	
46 (21)

	
27 (37)

	
134 (40)




	
Time to subsequent systemic therapy, median (IQR), mo

	
7 (4–12)

	
6 (3–9)

	
6 (3–13)

	
8 (5–13)

	
7 (4–11)

	
4 (2–6)




	
SCT, n (%)

	
3 (0.5)

	
7 (2.5)

	
54 (6.0)

	
6 (2.7)

	
1 (1.4)

	
9 (2.7)




	
Autologous

	
0 (0)

	
3 (1.1)

	
40 (4.4)

	
2 (0.9)

	
0 (0)

	
4 (1.2)




	
Allogeneic

	
3 (0.5)

	
4 (1.4)

	
14 (1.6)

	
4 (1.8)

	
1 (1.4)

	
5 (1.5)




	
Time to subsequent SCT, median (IQR), mo

	
5 (4–9)

	
3 (3–6)

	
3 (1–4)

	
4 (2–5)

	
5

	
3 (0–4)








a, Subsequent treatment received post-index therapy. Abbreviations: BV, brentuximab vedotin; BV-C, brentuximab vedotin combination therapy; BV-M, brentuximab vedotin monotherapy; cHL, classical Hodgkin lymphoma; IQR, interquartile range; mo, months; PTCL, peripheral T-cell lymphoma; SCT, stem cell transplantation.
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