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Very early [¹⁸F]FDG-PET-guided targeted therapy in untreated advanced-stage classic Hodgkin lymphoma (EORTC-1537-COBRA): primary results of a single-arm, multicentre, phase 2 trial
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Summary
Background Brentuximab vedotin combined with doxorubicin, vinblastine, and dacarbazine (A-AVD) improves outcomes in advanced-stage classic Hodgkin lymphoma, but patients with a positive early interim PET have inferior prognosis. We evaluated whether very early [¹⁸F]fluorodeoxyglucose ([¹⁸F]FDG)-PET-guided treatment adaptation after one cycle of A-AVD improves activity while limiting exposure to intensive chemotherapy.

Methods This single-arm, multicentre, phase 2 trial was conducted at 16 centres in seven countries (the Netherlands, Spain, Denmark, Belgium, Portugal, Slovakia, and Poland). Adults aged 18–60 years with previously untreated advanced-stage classic Hodgkin lymphoma, WHO performance status 0–2, and adequate organ function received one cycle of A-AVD (brentuximab vedotin 1·2 mg/kg intravenously, doxorubicin 25 mg/m² intravenously, vinblastine 6 mg/m² intravenously, and dacarbazine 375 mg/m² intravenously, all on days 1 and 15), followed by centrally reviewed [¹⁸F]FDG-PET–CT (PET1). PET1-negative (Deauville score 1–3) patients received five additional A-AVD cycles; PET1-positive (Deauville score 4–5) patients switched to six cycles of BrECADD (brentuximab vedotin 1·8 mg/kg intravenously on day 1; etoposide 150 mg/m² intravenously on days 2–4; cyclophosphamide 1250 mg/m² intravenously on day 2; doxorubicin 40 mg/m² intravenously on day 2; dexamethasone 40 mg orally on days 2–5; dacarbazine 250 mg/m² intravenously on days 3–4). The primary endpoint was 2-year modified progression-free survival (mPFS), defined as the proportion of patients alive and free of progression, relapse, or death from treatment start, with initiation of new systemic therapy for persistent disease counted as an event. Analyses were prespecified and conducted in the evaluable population (registered and eligible patients, who commenced the allocated treatment according to PET1 results after 1 cycle of A-AVD). The safety population consists of all patients who started A-AVD treatment (ie, received at least one dose of study therapy). This is the primary analysis of a completed trial. This trial is registered on ClinicalTrials.gov (NCT03517137) and EudraCT 2017-000498-35).

Findings From Aug 1, 2019, to Aug 31, 2021, we enrolled 150 patients (81 males [54%] and 69 females [46%]; median age 32 years [IQR 23–39]) who received one cycle of A-AVD, after which 90 (60%) of them had a negative PET1 and 60 (40%) a positive result. 145 were evaluable for efficacy; the median follow-up at the clinical cutoff (Sept 1, 2023; database lock Dec 11, 2023) was 30·1 months (IQR 24·6–36·4). 16 patients experienced an mPFS event. The estimated 2-year mPFS was 89·5% (80% CI 85·7–92·4). The most common grade 3–4 adverse event was neutropenia (53 [35%] of 150) followed by anaemia (18 [12%]) and peripheral sensory neuropathy (nine [6%]). Serious adverse events occurred in 45 (30%) of 150 patients. No deaths occurred.

Interpretation Very early PET-guided intensification with BrECADD yields high activity in advanced-stage classic Hodgkin lymphoma while sparing most patients intensive chemotherapy.
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Introduction
The standard treatment for patients with newly diagnosed, advanced-stage classic Hodgkin lymphoma primarily consisted until recently of ABVD (doxorubicin, bleomycin, vinblastine, and dacarbazine) or BEACOPPesc (escalated

bleomycin, etoposide, doxorubicin, cyclophosphamide, vincristine, procarbazine, and prednisone). Treatment selection was largely driven by local preferences and established practices, rather than tailored to the individual patient’s characteristics and risk profile.1
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Research in context Evidence before this study
Over the last 20 years, two significant advancements have shaped the management of advanced-stage classic Hodgkin lymphoma: (1) the integration of [¹⁸F]fluorodeoxyglucose ([¹⁸F]FDG)-PET and PET-response adapted therapy, and (2) the emergence of novel therapeutic agents. Since this study was first planned in 2017 and most recently on Sept 1, 2025, we performed several PubMed searches using the terms “Hodgkin lymphoma”, “interim PET”, “PET-adapted”, “brentuximab vedotin”, “A-AVD”, and “BrECADD”, without language or date restrictions. We included randomised and non-randomised studies in newly diagnosed advanced-stage classic Hodgkin lymphoma evaluating early PET response and/or brentuximab vedotin-containing regimens. Risk of bias was assessed qualitatively based on study design features. No formal meta-analysis was performed due to heterogeneity in study designs and endpoints. We found HD21 as the only study incorporating both early interim PET and novel agents in the treatment of newly diagnosed patients with advanced-stage classic Hodgkin lymphoma. The aim of the COBRA trial was to investigate very early PET response-adapted treatment of newly diagnosed advanced-stage classic Hodgkin lymphoma in the context of treatment with novel agents.
Added value of this study
The results of this study suggest that patients who do not reach an early complete metabolic response to brentuximab vedotin-containing chemotherapy (A-AVD [brentuximab vedotin plus doxorubicin, vinblastine, and dacarbazine]) could overcome


Over the past 20 years, two significant advancements have reshaped the management of advanced-stage classic Hodgkin lymphoma: first, the integration of [¹⁸F] fluorodeoxyglucose ([¹⁸F]FDG)-PET and PET-response adapted therapy; and second, the emergence of novel therapeutic agents.
With the advent of PET-based lymphoma imaging, it became evident that an early interim PET scan (iPET) served as a strong predictor of treatment outcomes in advanced-stage classic Hodgkin lymphoma, when no treatment decisions were made on the basis of iPET results.2–5 A study of the dynamics of iPET in Hodgkin lymphoma showed that the negative predictive value of iPET was higher (and the positive predictive value lower) when iPET was performed after one cycle compared with after two cycles of chemotherapy.5
The RATHL trial, the HD18 trial, and the ADVANCED-STAGE CHL2011 trial all showed non-inferior progression-free survival (PFS) and overall survival in patients who were randomly assigned to either less intensive or abbreviated chemotherapy after a negative iPET.6–8
The role of iPET in selecting patients for treatment intensification has only been explored in non-randomised



their relatively poor prognosis by switching to the more intensive brentuximab vedotin-containing chemotherapy (BrECADD [brentuximab vedotin, etoposide, cyclophosphamide, doxorubicin, dacarbazine, and dexamethasone]). This way, overall outcomes are optimised while most patients are spared of the more intensive chemotherapy. The results also show that very early serum thymus and activation-related chemochine (sTARC; ie, CCL17) response is possibly a more accurate marker of response than early PET, as the sTARC dynamics identify patients with a positive [¹⁸F]FDG-PET result after one cycle of A-AVD who have a favourable prognosis, while lack of early sTARC response corresponds with adverse prognosis despite treatment intensification. Overall, this study supports the use of very early response-adapted treatment strategies to optimise outcomes while minimising unnecessary treatment intensity.
Implications of all the available evidence
Current first-line regimens combining modern chemotherapy and novel agents achieve long-term progression-free survival approaching 90% in advanced-stage classic Hodgkin lymphoma. The COBRA findings suggest that very early PET response might be a viable tool to individualise brentuximab vedotin-based therapy, enabling selective intensification without compromising anti-tumour activity. PET-adapted strategies remain highly relevant as novel agents become integrated into first-line treatment, and very early response assessment merits further evaluation in future randomised studies.



settings. In the RATHL trial,9 the SWOG0816 trial,10 and in the GITIL0607 trial,11 patients with advanced-stage classic Hodgkin lymphoma with a positive iPET after two cycles of ABVD received intensified treatment with BEACOPPesc, leading to long-term PFS of 60–66%, superior to the expected 20-40% long-term PFS for patients who continued treatment with ABVD after a positive iPET, with the caveat of indirect comparisons with historical data from observational studies.4
After the incorporation of interim [¹⁸F]FDG-PET came the novel agents. In the ECHELON-1 study, patients with stage III–IV classic Hodgkin lymphoma were randomly assigned to six cycles of ABVD or brentuximab vedotin plus AVD (A-AVD). The primary endpoint was modified PFS (mPFS), including progression, death, or initiation of further therapy in PET-positive patients. A-AVD showed superior 2-year mPFS (82% vs 77%) and improved 6-year PFS as well as overall survival.12–14 While the treatment was not PET-adapted, interim PET after two cycles confirmed its prognostic value, even though differences in PFS between PET-positive and PET-negative patients were less pronounced than in previous studies. An analysis of PFS according to PET2 results in patients aged 18–60 years at 3 years of follow-up showed
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3-year PFS for patients treated in the A-AVD group of 87·2% if iPET2-negative and 69·2% if iPET2-positive.15 For comparison, the 5-year PFS was 90% for PET2-positive patients treated with BEACOPPesc in the HD18 trial.7
In the HD21 trial, patients with advanced-stage classic Hodgkin lymphoma were randomly assigned to either BEACOPPesc or BrECADD (brentuximab vedotin, etoposide, cyclophosphamide, doxorubicin, dacarbazine, and dexamethasone), with the duration of treatment in both groups determined by the results of iPET after two cycles (four cycles if iPET-negative and six cycles if iPET-positive). After 4 years of median follow-up, the primary analysis showed superior safety of BrECADD and also both non-inferiority and superiority of PFS of the BrECADD regimen over BEACOPPesc, with a statistically significant difference in 4-year PFS of 94% versus 91%.14
We designed the COBRA trial to assess whether treatment adaptation of A-AVD based on a very early [¹⁸F] FDG-PET–CT would result in improved activity while minimising treatment toxicity, The choice of performing the iPET already after the first cycle of A-AVD was based on prospective data showing a higher negative predictive value of iPET when performed after one cycle than after two cycles of chemotherapy in advanced-stage classic Hodgkin lymphoma.5
We present the primary analysis and main translational research outcome of the open-label, multicentre phase 2 COBRA trial, designed to investigate iPET-response adapted, brentuximab vedotin-based therapy for newly diagnosed advanced-stage classic Hodgkin lymphoma, with intensification to BrECADD in patients remaining PET-positive after one cycle of A-AVD.
Methods
Study design and participants
This is a single-arm, multicentre, phase 2 trial, conducted at 16 centres in seven countries (the Netherlands, Spain, Denmark, Belgium, Portugal, Slovakia, and Poland; appendix p 1). Adults aged 18–60 years with previously untreated, histologically confirmed advanced-stage classic Hodgkin lymphoma (stage IIB with large mediastinal mass and/or extra nodal lesions, stage III, or stage IV, defined according to the Lugano 2014 criteria based on [¹⁸F]FDG-PET–CT) were eligible for inclusion. Additional inclusion criteria included adequate organ function; WHO performance status 0–2; and consent to participate in translational research. Exclusion criteria included known cerebral or meningeal disease; symptomatic neurological disease; significant cardio-vascular comorbidity; poorly controlled diabetes; active serious, systemic infections; and previous treatment with anti-CD30 antibodies. All inclusion and exclusion criteria are provided in the appendix (pp 2–4). Contraception and pregnancy or lactation exclusions were based on known or potential teratogenicity of study drugs. There was no

patient or public involvement. Sex was self-reported (male or female); race and ethnicity were not systematically collected. Written informed consent was obtained. The protocol was approved by local ethics committees and conducted in accordance with the Declaration of Helsinki and Good Clinical Practice Guidelines. Embedded translational research included tissue, serum, and DNA-based biomarker studies. This trial is registered on ClinicalTrials.gov (NCT03517137), EudraCT (2017-000498-35), and the Clinical Trials Information System (2023-508478-27). The study protocol is available at the end of the appendix. The trial is completed.

Procedures
A diagram of the study treatment is displayed in the appendix (p 12). All patients received one cycle of A-AVD (brentuximab vedotin, doxorubicin, vinblastine, and dacarbazine) followed by an [¹⁸F]FDG-PET–CT scan (PET1). [¹⁸F]FDG-PET results after one cycle of A-AVD were scored according to the Deauville score as defined by the 2014 Lugano imaging recommendations.16 Scans were uploaded and underwent real-time central review by a panel of three expert nuclear medicine physicians (AA, AL, and WN), who reported the results to the treatment physicians within a 72-h window and in time for the next treatment. This panel also provided prospective, real-time feedback to the treating physicians. Based on this central review of PET1, patients either continued A-AVD for an additional five cycles (PET1-negative Deauville score 1–3), or switched to BrECADD (brentuximab vedotin, etoposide, cyclophosphamide, doxorubicin, dacarbazine, and dexamethasone) for six cycles (PET1-positive Deauville score 4–5). A-AVD was administered intravenously on days 1 and 15 of each 28-day cycle: brentuximab vedotin 1·2 mg/kg intravenously on days 1 and 15, doxorubicin 25 mg/m² intravenously on days 1 and 15, vinblastine 6 mg/m² intravenously on days 1 and 15, and dacarbazine 375 mg/m² intravenously on days 1 and 15. BrECADD
was administered intravenously on days 1, 2, 3, 4, and 5 of each 21-day cycle: brentuximab vedotin 1·8 mg/kg intravenously on day 1, etoposide 150 mg/m² intravenously on days 2–4, cyclophosphamide 1250 mg/m² intravenously on day 2, doxorubicin
40 mg/m² intravenously on day 2, dacarbazine 250 mg/m² intravenously on days 3 and 4, dexamethasone
40 mg orally on days 2–5 (appendix p 5).
Consolidation radiotherapy (36 Gy in 18 fractions) was administered to residual PET-positive lesions after the end of chemotherapy.17 Before radiotherapy commenced, a panel of lymphoma radiotherapy experts (BMPA, RvdM, and PM) performed a prospective, real-time central review and provided feedback to the treating physicians.
Serum was collected prospectively at multiple timepoints before, during, and after treatment for



analysis of serum thymus and activation regulated chemokine (sTARC, C-C motif chemokine 17), which has shown to correlate with treatment response in previous studies.18 As part of the translational research project, tissue was collected once at baseline from diagnostic biopsy, and serum was collected at multiple predefined timepoints. In short, serum was collected at baseline, after one cycle, after four cycles, at the end of chemotherapy, and at 3, 6, 9, 12, 15, and 24 months of follow-up. sTARC quantification was performed in a blinded fashion using a commercially available standardised ELISA kit for human TARC/CCL17 (R&D Systems, Minneapolis, MN, USA). Absolute sTARC concentrations above 1000 pg/mL were predefined as positive consistent with previous literature.18
Patients were removed from the study in cases of withdrawal of consent, progression, unacceptable toxicity, or investigator decision. Protocol-specified dose reductions and interruptions were allowed for toxicity. [¹⁸F]FDG-PET–CT was performed at baseline, after one cycle, and at end of treatment. Haematology and biochemistry were assessed at baseline and before each cycle. Adverse events were monitored continuously and recorded each cycle. Harms were defined as adverse events of all grades (Common Terminology Criteria for Adverse Events [CTCAE] version 5.0). All drugs were given at protocol-specified intravenous doses and schedules.

Outcomes
The primary endpoint was the mPFS rate at 2 years after the beginning of treatment. mPFS was defined as the time interval between treatment start and the first occurrence of: (1) progressive disease; (2) initiation of new systemic treatment for classic Hodgkin lymphoma in patients who were [¹⁸F]FDG-PET positive at the end of protocol treatment; or (3) death due to any cause. Patients without any such events were censored at the date of the last response assessment. A treatment change required by protocol was not counted as an event.
Secondary endpoints were: [¹⁸F]FDG-PET-assessed response after one cycle of A-AVD; response according to Lugano Criteria at the end of protocol treatment (ie, after chemotherapy and after radiotherapy, if administered),19 as defined by [¹⁸F]FDG-PET–CT; response according to Response Evaluation Criteria in Lymphoma (RECIL) 2017;20 PFS (measured from start of treatment up to the first date of progressive disease, relapse, or death from any cause); overall survival (measured from start of treatment up to the date of death from any cause); and safety and tolerability.
The prespecified primary endpoint for the translational study was to assess the association between sTARC concentration after one cycle of A-AVD (sTARC1) and [¹⁸F]FDG-PET result after one cycle of A-AVD among patients with pre-treatment sTARC elevation. A secondary translational research outcome was the correlation

between sTARC concentrations before, during, and after completion of treatment and mPFS for the A-AVD and BrECADD groups separately.

Statistical analysis
The study was designed to reject an 80% or lower 2-year mPFS rate. The study was designed with one-sided type I error of 10% and 82% power for the following null and alternative hypotheses: H0: 2-year mPFS=80% and H1: 2-year mPFS=87%. It was estimated using the exact binomial distribution that the study would need to enrol 143 evaluable patients (exact type I error=9·8%, exact power=83·5%). Assuming a 5% proportion of patients not evaluable (ie, ineligible patients, patients who did not start the allocated treatment according to the result of PET1), a total of 150 patients should be registered to obtain the required 143 evaluable patients.
To avoid loss of statistical power for potential dropouts during the 2 years of observation, the primary endpoint was analysed using time-to-event methods, which showed higher statistical power as compared to the test based on the exact binomial distribution, (81·6% vs 75·8%) when the rate of dropout at 2 years is 5%. These calculations were based on 10 000 simulations,

	Evaluable population
	Total (n=150)

	
	No (n=5)
	Yes (n=145)
	

	Sex
	
	
	

	Male
	2 (40%)
	79 (54%)
	81 (54%)

	Female
	3 (60%)
	66 (46%)
	69 (46%)

	WHO performance status
	
	
	

	0
	5 (100%)
	112 (77%)
	117 (78%)

	1
	0
	29 (20%)
	29 (19%)

	2
	0
	4 (3%)
	4 (3%)

	Age at registration, years
	38 (38–40)
	32 (23–39)
	32 (23–39)

	Histology type
	
	
	

	Nodular sclerosis
	4 (80%)
	102 (70%)
	106 (71%)

	Mixed cellularity
	0
	21 (14%)
	21 (14%)

	Lymphocyte depleted
	0
	1 (1%)
	1 (1%)

	Lymphocyte rich
	0
	1 (1%)
	1 (1%)

	Classic Hodgkin lymphoma, not otherwise specified
	1 (20%)
	20 (14%)
	21 (14%)

	Ann Arbor clinical stage
	
	
	

	IIB
	2 (40%)
	20 (14%)
	22 (15%)

	IIIA
	0
	16 (11%)
	16 (11%)

	IIIB
	1 (20%)
	22 (15%)
	23 (15%)

	IVA
	1 (20%)
	33 (23%)
	34 (23%)

	IVB
	1 (20%)
	54 (37%)
	55 (37%)

	International Prognostic Score
	
	
	

	0–1
	1 (20%)
	9 (6%)
	10 (7%)

	2–3
	2 (40%)
	74 (51%)
	76 (51%)

	4–7
	1 (20%)
	54 (37%)
	55 (37%)

	Missing
Data are n (%) or median (IQR).

Table 1: Baseline characteristics
	1 (20%)
	8 (6%)
	9 (6%)






150 patients enrolled


150 started A-AVD cycle 1


150 had PET1
90 PET-negative
60 PET-positive
87 continued with A-AVD 86 included in efficacy-
evaluable population 1 found to be ineligible
after completing treatment†
59 started BrECADD
59 included in efficacy-evaluable population
1 continued with A-AVD
85 completed chemotherapy
55 completed chemotherapy
1 completed chemotherapy
0 received radiotherapy
6 received radiotherapy
3 received radiotherapy
4 discontinued
2 discontinued
3 discontinued after PET1 1 had acute pancreatitis 1 had septic shock
1 found to be ineligible*

Figure 1: Trial profile
A total of 145 patients (86 in the PET-negative group and 59 in the PET-positive group) were included in the efficacy-evaluable population. A-AVD=brentuximab vedotin plus doxorubicin, vinblastine, and dacarbazine. BrECADD=brentuximab vedotin, etoposide, cyclophosphamide, doxorubicin, dacarbazine, and dexamethasone.
*Stage IIA disease. †Malignant melanoma <5 years before inclusion.

assuming mPFS and dropouts follow an exponential distribution.
The primary endpoint (2-year mPFS rate) was primarily estimated in the set of evaluable patients—ie, patients eligible who started the allocated treatment according to the result of PET1, using the Kaplan–Meier method. Its two-sided 80% CI was calculated using the log–log transformation and the standard deviation of the Kaplan–Meier estimate based on the Greenwood formula. The study was to be considered successful if the lower bound of the 80% CI was greater than the reference value of the null hypothesis 80%. The two-sided 95% CI was also provided. Sensitivity analyses of the primary endpoint as a binary endpoint were conducted for consistency with design with patient dropouts considered as failure or success (worst-case and best-case scenario respectively). A prespecified analysis of the primary endpoint was also conducted in the intention-to-treat population. Post-hoc analyses of the primary endpoint were conducted with the purpose (1) to examine separately the outcome of PET1-negative patients treated with six cycles of A-AVD and of PET1-positive patients treated with one cycle of

A-AVD followed by six cycles of BrECADD, and (2) to examine differences in outcomes according to stage or International Prognostic Score subgroups. Response and complete response rates according to Lugano criteria or to RECIL 2017 were estimated after chemotherapy and at end of treatment with their 95% CI in the evaluable population. PFS and overall survival were analysed in the evaluable population. Estimates of the survival rates at 2 years were obtained using the Kaplan–Meier technique and 95% CI were calculated using the log–log transformation and the standard deviation of the Kaplan–Meier estimate based on the Greenwood formula.
Adverse events and laboratory abnormalities were tabulated in the safety population (ie, all patients who started A-AVD treatment), using the worst CTCAE version 5.0 grade per patient. Safety summaries stratified by post-PET1 treatment (A-AVD vs BrECADD) were conducted post-hoc and were not part of the prespecified safety analyses.
Translational research included an analysis of sTARC concentrations after one cycle of A-AVD and their association with PET1 response, as well as the correlation of serial sTARC trends with mPFS in each treatment group. The statistical analysis of translational research outcomes was restricted to the subset of evaluable patients with pre-treatment sTARC elevation. The number of patients with sTARC elevation or not and [¹⁸F]FDG-PET result positive or negative after one cycle of A-AVD was cross-tabulated. The estimated odds ratio with its 95% CI was presented together with the p value resulting from the χ² test at 5% significance level. Median and 24-month mPFS estimates according to sTARC concentration were obtained using the Kaplan–Meier method. Hazard ratios were calculated using the Cox model, together with p values obtained using the log-rank test.
The data analysis for this paper was generated using SAS software version 9.4.
Two substantial amendments were approved during the trial: the first (dated June 26, 2020) introduced optional circulating tumour DNA (ctDNA) collection and other scientific clarifications; the second (dated Oct 24, 2023) addressed compliance with the EU Clinical Trials Regulation regarding follow-up data collection. Aside from these, the trial was conducted in accordance with the original protocol, and no major deviations occurred that would affect interpretation of the results.

Role of the funding source
Takeda Oncology provided academic funding for the conduct of the trial but had no role in the study design, data collection, data analysis, data interpretation, or writing of the report.
Results
Between Aug 1, 2019, and Aug 31, 2021, the planned
150 patients were recruited and their baseline characteristics are presented in table 1. The median age



across all 150 patients was 32 years (IQR 23–39); there were 81 (54%) males and 69 (46%) females. WHO
performance status was 0 in 117 (78%), 1 in 29 (19%), and 2 in four (3%) of 150 patients. Histology was nodular sclerosis for 106 (71%) patients, mixed cellularity for 21 (14%), not otherwise specified for another 21 (14%), and lymphocyte depleted and lymphocyte rich in one (<1%) each. Ann Arbor clinical stage was IIB in 22 (15%), IIIA in 16 (11%), IIIB in 23 (15%), IVA in 34 (23%), andmPFS (%)

IVB in 55 (37%) of 150 patients. Bone marrow uptake, spleen involvement, and liver involvement was reported in 53 (35%), 63 (42%), and 27 (18%) of 150 patients, respectively. Presence of bulky disease according to clinical stage is shown in the appendix (p 11).
All 150 patients began A-AVD treatment. Of these, 90 (60%) were PET-negative and 60 (40%) PET-positive after one cycle of A-AVD (PET1). Five patients from the full, safety-evaluable population were not included in the efficacy-evaluable population. Of the PET-negative group, two patients were found to not meet the study eligibility criteria (one after cycle 1, one after completing treatment), and an additional two patients discontinued study treatment after cycle 1 due to toxicity during cycle 1; therefore, only 86 patients were evaluated for efficacy. Among patients with a positive PET1, one patient continued A-AVD treatment according to local assessment of PET1 (Deauville score 3), due to a delayed central review of PET1 with Deauville score 4; therefore, only 59 patients started BrECADD and were evaluated for efficacy (figure 1). The planned chemotherapy was completed by 141 (94%) of 150 patients. The relative dose intensity was 80–120% for all drugs in at least 95% of patients, except for vinblastine and brentuximab vedotin in the A-AVD regimen (81% and 59%, respectively). Details about treatment exposure are given in the appendix (pp 6–7). Nine (6%) of 150 patients received radiotherapy, of whom six (67%) were PET1-positive, and three (33%)mPFS (%)

PET1-negative. Radiotherapy treatment plans were adapted in three (33%) patients after central review.
The primary analysis was conducted with a clinical cutoff date of Sept 1, 2023, with a median follow-up of 30·1 months (IQR 24·6–36·4). For this analysis, the clinical database was locked on Dec 11, 2023.The efficacy analysis was conducted in the 145 patients who continued with the allocated treatment after PET1. A total of 16 (11%) of 145 patients experienced an event for mPFS. The estimated 2-year mPFS rate was 89·5% (80% CI 85·7–92·4), meeting the predefined success criteria (figure 2A). Both the binary endpoint sensitivity analyses (best-case and worst-case scenarios) and full-population (intention-to-treat) analysis (appendix p 14) confirmed the robustness of this result. Overall survival at 2 years was 100%.
The complete metabolic response rate (Lugano 2014 criteria based on [¹⁸F]FDG-PET–CT) at the end of treatment, including radiotherapy when administered, was 91·0% (95% exact CI 85·2–95·1, 132 of 145 patients).























	PET1-negative
	86
	83
	77
	76
	71
	47
	23
	9
	0

	
	(0)
	(0)
	(1)
	(1)
	(5)
	(28)
	(52)
	(66)
	(75)

	PET1-positive
	59
	57
	56
	54
	36
	21
	11
	3
	0

	
	(0)
	(0)
	(0)
	(1)
	(18)
	(33)
	(43)
	(51)
	(54)


Figure 2: mPFS in the evaluable population, n=145 (A) and in the evaluable population according to PET1 (B)A
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mPFS=modified progression-free survival.

As no patients initiated second-line therapy without documented progression, the analysis of PFS led to the same results as mPFS. The complete response rate according to RECIL 2017 criteria was 75·9% (95% exact CI 68·1–82·6), 110 of 145 patients).
mPFS outcomes by PET1 status are shown in figure 2B. Patients with a negative PET1 who continued A-AVD (n=86) had an estimated 2-year mPFS of 88·3% (95% CI 79·4–93·5). Patients with a positive PET1 who continued with BrECADD (n=59) had an estimated 2-year mPFS of 91·3% (95% CI 80·3–96·3). As one PET1-positive patient did not undergo the protocol-mandated treatment switch to BrECADD, this subgroup comparison is considered an exploratory post-hoc finding. A post-hoc exploratory analysis showed no differences in 2-year mPFS according to stage or International Prognostic Score subgroups (appendix pp 10–11).
All patients but one (149 [99%]) reported at least one treatment-emergent adverse event of any grade; 94 (63%) reported grade 3–4 adverse events; 141 (94%) reported treatment-related adverse events; and 83 (55%) reported grade 3–4 treatment-related adverse events (table 2). Serious adverse events were reported in 45 (30%) patients. No grade 5 (fatal) adverse events occurred.
Adverse events with an incidence above 15% among the 150 patients were: peripheral sensory neuropathy (79 [53%]), nausea (64 [43%]), constipation (56 [37%]),



	
	Grade 1–2
	Grade 3
	Grade 4
	
	
	
	
	Grade 1–2
	Grade 3
	Grade 4

	Blood and lymphatic system disorders
	
	
	
	
	
	
	(Continued from previous column)
	
	
	

	Anaemia
	22 (15%)
	18 (12%)
	0
	
	
	
	Investigations
	
	
	

	Febrile neutropenia
	0
	12 (8%)
	2 (1%)
	
	
	
	Alanine aminotransferase increased
	11 (7%)
	5 (3%)
	0

	Cardiac disorders
	
	
	
	
	
	
	Aspartate aminotransferase increased
	7 (5%)
	2 (1%)
	0

	Pericardial effusion
	0
	1 (1%)
	1 (1%)
	
	
	
	
	
	
	

	Gastrointestinal disorders
	
	
	
	
	
	
	Ejection fraction decreased
	1 (1%)
	1 (1%)
	0

	Abdominal pain
	28 (19%)
	1 (1%)
	0
	
	
	
	Forced expiratory volume decreased
	0
	0
	1 (1%)

	Colonic obstruction
	0
	1 (1%)
	0
	
	
	
	Gamma-glutamyl transferase increased
	0
	2 (1%)
	0

	Constipation
	51 (34%)
	5 (3%)
	0
	
	
	
	
	
	
	

	Diarrhoea
	27 (18%)
	1 (1%)
	0
	
	
	
	Lymphocyte count decreased
	2 (1%)
	2 (1%)
	2 (1%)

	Enterocolitis
	0
	1 (1%)
	0
	
	
	
	Neutrophil count decreased
	2 (1%)
	14 (9%)
	39 (26%)

	Gastritis
	2 (1%)
	1 (1%)
	0
	
	
	
	Platelet count decreased
	2 (1%)
	9 (6%)
	6 (4%)

	Oral mucositis
	22 (15%)
	2 (1%)
	0
	
	
	
	Weight gain
	5 (3%)
	7 (5%)
	0

	Nausea
	63 (42%)
	1 (1%)
	0
	
	
	
	Weight loss
	17 (11%)
	0
	0

	Oesophagitis
	0
	1 (1%)
	0
	
	
	
	White blood cell count decreased
	4 (3%)
	6 (4%)
	8 (5%)

	Pancreatitis
	0
	1 (1%)
	0
	
	
	
	Metabolism and nutrition disorders
	
	
	

	Stomach pain
	6 (4%)
	1 (1%)
	0
	
	
	
	Anorexia
	14 (9%)
	2 (1%)
	0

	Vomiting
	29 (19%)
	2 (1%)
	0
	
	
	
	Hypokalaemia
	7 (5%)
	1 (1%)
	0

	Other adverse event
	10 (7%)
	3 (2%)
	0
	
	
	
	Hyponatraemia
	0
	1 (1%)
	0

	General disorders and administration site conditions
	
	
	
	
	
	Tumour lysis syndrome
	0
	1 (1%)
	0

	Fatigue
	52 (35%)
	1 (1%)
	0
	
	
	Musculoskeletal and connective tissue disorders
	
	

	Fever
	23 (15%)
	1 (1%)
	0
	
	
	
	Back pain
	16 (11%)
	0
	0

	Hepatobiliary disorders
	
	
	
	
	
	
	Bone pain
	27 (18%)
	0
	0

	Hepatic haemorrhage
	0
	0
	1 (1%)
	
	
	
	Myalgia
	23 (15%)
	0
	0

	Immune system disorders
	
	
	
	
	
	
	Nervous system disorders
	
	
	

	Allergic reaction
	1 (1%)
	2 (2%)
	0
	
	
	
	Dysgeusia
	20 (13%)
	0
	0

	Infections and infestations
	
	
	
	
	
	
	Headache
	16 (11%)
	0
	0

	Abdominal infection
	0
	1 (1%)
	0
	
	
	
	Paraesthesia
	16 (11%)
	0
	0

	Catheter-related infection
	1 (1%)
	2 (1%)
	0
	
	
	
	Peripheral motor neuropathy
	26 (17%)
	4 (3%)
	0

	Enterocolitis infectious
	2 (1%)
	2 (1%)
	0
	
	
	
	Peripheral sensory neuropathy
	70 (47%)
	8 (5%)
	1 (1%)

	Hepatitis viral
	0
	1 (1%)
	0
	
	
	
	Syncope
	0
	2 (1%)
	0

	Lung infection
	2 (1%)
	4 (3%)
	1 (1%)
	
	
	
	Other adverse event
	2 (1%)
	2 (1%)
	0

	Meningitis
	0
	1 (1%)
	0
	
	
	
	Psychiatric disorders
	
	
	

	Ovarian infection
	0
	1 (1%)
	0
	
	
	
	Insomnia
	26 (17%)
	0
	0

	Papulopustular rash
	1 (1%)
	1 (1%)
	0
	
	
	
	Suicide attempt
	0
	0
	1 (1%)

	Phlebitis infective
	0
	1 (1%)
	0
	
	
	
	Renal and urinary disorders
	
	
	

	Sepsis
	0
	1 (1%)
	1 (1%)
	
	
	
	Urinary retention
	1 (1%)
	1 (1%)
	0

	Skin infection
	2 (1%)
	1 (1%)
	0
	
	
	Respiratory, thoracic, and mediastinal disorders
	
	

	Small intestine infection
	0
	1 (1%)
	0
	
	
	
	Dyspnoea
	16 (11%)
	0
	0

	Tooth infection
	5 (3%)
	2 (1%)
	0
	
	
	
	Pneumothorax
	0
	1 (1%)
	0

	Urinary tract infection
	4 (3%)
	1 (1%)
	0
	
	
	
	Other adverse event
	1 (1%)
	2 (1%)
	0

	Wound infection
	0
	1 (1%)
	0
	
	
	
	Skin and subcutaneous tissue disorders
	
	
	

	Other adverse event
	14 (9%)
	7 (5%)
	0
	
	
	
	Alopecia
	16 (11%)
	0
	0

	Injury, poisoning, and procedural complications
	
	
	
	
	
	Rash maculopapular
	10 (7%)
	1 (1%)
	0

	Vascular access complication
	0
	1 (1%)
	0
	
	
	
	Other adverse event
	7 (5%)
	1 (1%)
	0

	(Table 2 continues on next column)
	
	
	
	Vascular disorders
	
	
	

	
	
	
	
	Hypertension
	15 (10%)
	5 (3%)
	0

	
neutrophil count decreased (55 [37%]), fatigue (53 [35%])
anaemia (40 [27%]), vomiting (31 [21%]), abdominal pain and diarrhoea (29 [19%]), peripheral motor neuropath (30 [20%]), bone pain (27 [18%]), insomnia (26 [17%])
	
,

y
,
	
	
	Thromboembolic event
Data are n (%). Data are shown for the safety grade 1–2 adverse events occurring in at leas adverse events. There were no grade 5 event
Table 2: Summary of adverse events
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	0
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fever and oral mucositis (24 [16%] each), and myalgia (23 [15%]). The most common grade 3–4 adverse events were



neutropenia (53 [35%]) and anaemia (18 [12%]). Platelet count decrease (15 [10%]) and white blood cell count decrease (14 [9%]) the only other grade 3–4 events occurring in at least 5% of patients. No treatment-related deaths occurred. A post-hoc description of adverse events by treatment group after PET1 is reported in the appendix (pp 8–9).
Dose reductions occurred in 48 (55%) of 88 patients
receiving BrAVD and 39 (66%) of 59 receiving BrECADD. Two patients (1%) discontinued A-AVD due to toxicity; none discontinued BrECADD.
Of the entire population of 145 evaluable trial participants, 132 (91%) had elevated sTARC at baseline and were available for sTARC-based response assessment. Median sTARC concentration at baseline was 52 272 pg/mL (IQR 13 228–117 585).
Based on available samples after one cycle of A-AVD (n=129), sTARC remained elevated after one cycle in
30 (23%) cases while sTARC1 normalised in the remaining 99 (77%) patients. Odds for positive PET1 was 2·3 times higher (odds ratio 2·3; 95% CI 1·0–5·2) when sTARC1 was positive compared with when sTARC1 was negative (χ² p=0·048). Concordance between PET1 and sTARC1 was relatively high among PET1-negative patients as 63 (83%) of 76 had sTARC1 concentrations that dropped to normal, while 13 (17%) of 76 patients remained sTARC1 positive (appendix p 9). These concordance proportions are descriptive values derived from the prespecified PET1–sTARC1 association analysis. Among 53 PET1-positive patients, only 17 (32%) patients also remained sTARC1 positive while 36 (68%) had normalised sTARC1 concentrations.
Based on patients with complete data (n=127), sTARC1-negative patients had a 2-year mPFS of 91·5% (95% CI 83·8–95·7) versus 73·0% (53·2–85·5) among sTARC1-positive patients (with log-rank p=0·0028 stratified by treatment; appendix p 13). Since treatment was guided by PET1 result, we performed a prespecified outcome analysis among PET1-negative and PET1-positive patients separately. Among 74 PET1-negative patients, 61 were sTARC1-negative and had a 2-year mPFS estimate of 86·8% (95% CI 75·3–93·2) and the 13 sTARC1-positive patients had a 2-year mPFS estimate of 76·2% (42·7–91·7; figure 3A). In the 53 PET1-positive patients, sTARC1 was negative in 36 (68%) and these patients had a 2-year mPFS estimate of 100%. Conversely, the 17 patients positive for both PET1 and sTARC1 had an mPFS of only 70·6% (95% CI 43·1–86·6) despite intensification to six additional cycles of BrECADD (figure 3B).
Discussion
In the COBRA study, treatment adaptation based on very early [¹⁸F]FDG-PET–CT scan was associated with high activity in patients with advanced-stage classic Hodgkin lymphoma treated with brentuximab vedotin-containing first-line therapy, while sparing most patients intensive chemotherapy. By performing iPET after just one cycle of

chemotherapy, the study aimed at selecting true good responders, allowing them to continue their treatment without escalation. The safety profile observed was consistent with previous reports from the ECHELON-1 study for A-AVD and the HD21 study for BrECADD, with no new safety signals identified.12,14,21
Since the design of COBRA, three pivotal phase 3 trials have reshaped the treatment landscape for newly diagnosed advanced-stage classic Hodgkin lymphoma. ECHELON-1 demonstrated the superiority of A-AVD over ABVD, albeit with increased neurotoxicity and myelotoxicity. However, outcomes were not satisfactory for patients who continued A-AVD after a positive early interim PET (3-year PFS 69·2% for PET2-positive patients aged 18–60 years).15 HD21 showed that BrECADD is both more effective and better tolerated than BEACOPPesc, using early PET response to guide treatment duration. Most recently, SWOG1826 established that nivolumabA
0
6
12
18
24
30
36
42
48
Number at risk (censored)
sTARC ≤1000 pg/mL	61
(0)
13
(0)
57
(0)
11
(0)
55
(0)
11
(0)
54
(0)
10
(1)
46	31	14
(7)	(22)	(39)
6	2	1
(4)	(8)	(9)
3
(50)
0
(10)
0
(53)
sTARC >1000 pg/mL
B
100
0
0
6
12
18
24
30
36
42
48
Number at risk (censored)
Time since sampling after cycle 1 (months)
mPFS (%)

100
90
80
70
60
50
40
30
20
10
0
Hazard ratio 0·50 (95% CI 0·13–1·90), p=0·30
Events/total 2-year mPFS (95% CI)
sTARC ≤1000 pg/mL 8/61 sTARC >1000 pg/mL 3/13
86·8% (75·3–93·2)
76·2% (42·7–91·7)






90
80
70
60
50
40
30
20
10
p=0·0007
Events/total 2-year mPFS (95% CI)
sTARC ≤1000 pg/mL 0/36 sTARC >1000 pg/mL 5/17
100·0% (100·0–100·0)
70·6% (43·1–86·6)



	sTARC ≤1000 pg/mL
	36
	36
	36
	35
	22
	15
	8
	2
	0

	
	(0)
	(0)
	(0)
	(1)
	(14)
	(21)
	(28)
	(34)
	(36)

	sTARC >1000 pg/mL
	17
	15
	13
	13
	9
	6
	2
	0
	

	
	(0)
	(0)
	(0)
	(0)
	(3)
	(6)
	(10)
	(12)
	


Figure 3: mPFS according to sTARC concentration after one cycle among PET1-negative patients (A) and PET1-positive patients (B)mPFS (%)

No hazard ratio is shown in panel B as it would not be meaningful, due to one of the two groups having no mPFS events. mPFS=modified progression-free survival. sTARC=serum TARC.



combined with AVD (N-AVD) improves PFS compared with A-AVD.22 These findings have led to changes in clinical guidelines. In regions where brentuximab vedotin and nivolumab are accessible, N-AVD is now recommended for patients older than 60 years, while BrECADD is preferred for younger patients in many European protocols. COBRA adds to this evolving paradigm by showing that early PET can identify patients who benefit from treatment intensification when the initial regimen is A-AVD. Specifically, BrECADD not only serves as an effective first-line option but also as a potent intensification strategy for patients with suboptimal early response.
The single-arm design of this study prevents definitive comparison between the COBRA regimen and upfront BRECADD according to HD21. In centres where upfront BRECADD is the preferred treatment, our data are mainly relevant for individualised treatment, particularly of younger female patients where the use of cyclophosphamide and etoposide could be a cause of concern about reduced fertility.
A large majority of patients globally are, however, treated with less intensive regimens, without the use of alkylators, with or without novel agents. For those patients, COBRA shows that BRECADD, if not used upfront, is an excellent early salvage strategy. When less intensive initial therapy is preferred, despite the reduced use of A-AVD following SWOG1826, COBRA remains relevant for two reasons. First, A-AVD remains a standard option for patients without access to or contraindications for nivolumab. ECHELON-1 showed that outcomes are suboptimal for PET1-positive patients who continue A-AVD, supporting BrECADD as a recommended intensification strategy in this subgroup. Second, A-AVD and BrECADD share multiple components, suggesting that the improved activity of BrECADD is due to dose intensification rather than a change in mechanism. This implies that BrECADD could also be effective as early intensification for patients who do not have a complete metabolic response after ABVD or N-AVD.
Next to the value of early response assessment using interim PET, COBRA shows additive value of sTARC as a response biomarker. sTARC normalisation after one cycle of A-AVD correlates strongly with favourable outcomes, even among PET1-positive patients, in line with previous studies on interim sTARC in patients treated with ABVD, BEACOPPesc, or N-AVD.23–25 Conversely, patients who remain both PET1-positive and sTARC1-positive have the poorest prognosis, with a 2-year mPFS of only 70·6% despite BrECADD intensification. These patients might be candidates for other treatment strategies such as PD1 inhibitor-based salvage regimens.
The concordance between PET1 and sTARC1 was relatively high in PET1-negative patients. The main advantage of sTARC is therefore the ability to refine the assessment of prognosis in PET1-positive patients. Recently, ctDNA analysis has shown promise to serve in a similar manner as sTARC in our study, with patients

remaining positive at a higher risk of relapse.26,27 Studies are currently being developed with ctDNA-guided treatment strategies. It would of interest in these studies to compare ctDNA with TARC and [¹⁸F]FDG-PET imaging to define the most optimal (combination of) biomarkers for response assessment.
In the COBRA trial, only nine (6%) of 150 patients required radiotherapy for PET-positive residual disease, markedly lower than the 17% reported after BEACOPPesc and BrECADD in HD21,14 although this comparison is limited by the small COBRA sample size. Of the nine irradiated patients, three were PET1-negative but PET-positive at end of chemotherapy (two with new lesions); radiotherapy in these cases was protocol-mandated and therefore not considered a treatment modification. A dose of 36 Gy was selected in accordance with International Lymphoma Radiation Oncology Group guidance, given the potential refractoriness of PET-positive residual disease. Treatment volumes were restricted to PET-positive sites, minimising expected toxicity with contemporary techniques.
Limitations of our study include the non-randomised design, which limits the interpretability of results. Although the patient population reflects high-risk characteristics comparable to recent randomised trials, selection bias cannot be excluded. Although the outcomes for patients treated in COBRA appear superior to outcomes in ECHELON-1 for patients aged 18–60 years treated with A-AVD, the data are based on a single-arm trial. Very early response adapted regimens like our COBRA design should ideally be further evaluated in confirmatory randomised trials.
In conclusion, the results of this single-arm, phase 2 study demonstrate that early PET-guided adaptation of brentuximab vedotin-containing first-line chemotherapy for advanced-stage classic Hodgkin lymphoma yields high activity while sparing most patients from intensive chemotherapy. Furthermore, the integration of sTARC into interim response assessment might enhance risk stratification and guide treatment decisions more precisely.
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