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Background

Hodgkin’s lymphoma (HL) is one of the most curable malignancies with a 5-year survival of over 80%. Most published literature from low-middle income countries comes from single institute experience.



Methodology

The OncoCollect Lymphoma group registry was set up in 2017 and has 9 major participating sites across India. Data of newly diagnosed classical HL (CHL) patients, treated between 2011 and 2017, were collected using OncoCollect software. The clinical features, subtypes, prognostic stratification, treatment patterns, response to first-line treatment, and 5-year outcomes were analyzed. All statistical analysis was done using Microsoft R Open statistical software linked to OncoCollect software.



Results

There were 939 newly diagnosed CHL patients with a median age of 38 (range, 18–99) years at presentation. The male-to-female ratio was 2.07:1. Histological subtypes included mixed cellularity, CHL (MC, CHL), nodular sclerosis, CHL (NS, CHL), lymphocyte-rich, CHL (LR, CHL), and lymphocyte-depleted, CHL (LD, CHL), in 60.60%, 26.94%, 9.80%, and 2.66%, respectively. At presentation, 50.43% had B symptoms and 53.35% had advanced disease. 29.71% of advanced-stage patients had high Hodgkin IPI score. 79% and 21% of patients received 1st-line treatment with chemotherapy alone or combined modality treatment with chemotherapy and radiotherapy. The most common first-line chemotherapy was ABVD-based regimen (94.68%). The overall response rate was 93.48%. Complete response rates among early-stage favorable and unfavorable risk groups were 92.73% and 86.79%, and those among advanced-stage low- and high-risk groups were 76.64% and 69.78%, respectively. The median relapse-free follow-up duration was 51 months (IQR 22–69). A significant difference was found in 5-year EFS between the early- and advanced-stage disease 83.53% and 73.55% (p = 0.00087), respectively. Similarly, significant difference was found in EFS among early-stage patients treated with a combination of 4-cycle chemotherapy and radiotherapy vs. chemotherapy alone 88.57% and 66.33% (p = 0.0042), respectively.



Conclusions

In this large cohort from India, survival of patients with HL was comparable to the developed world. With a median follow-up of 51 months, the 5-year EFS and OS of all patients were 78.24% and 83.63%, respectively.
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Introduction

Long-term outcomes of Hodgkin lymphoma (HL) have been reported from single-center retrospective studies from India (1–4). The initial progress in the outcomes of HL can be attributed to better staging facilities, more consistent implementation of standard combined modality treatment, and the wider use of high-dose chemotherapy with autologous stem cell rescue in relapsed disease (5, 6). As long-term outcomes improved and prognostic factors were identified, the emphasis shifted to de-escalating treatment protocols in order to minimize treatment-related morbidity, especially long-term toxicity (7). There is only limited information available regarding these aspects of treatment from resource-limited countries with India contributing to these data in a modest way (5, 8, 9). The ethnic diversity, cultural spectrum differential access to healthcare, and paucity of awareness for cancer and lymphoma in particular make it important to have uniform data collated and analyzed systematically. Given that lymphoma patients are mostly treated in tertiary cancer centers, specialty hospitals, and academia with uniform protocols, data from these centers were captured. The OncoCollect Lymphoma Registry was set up in 2017 to address the previous challenges in collecting retrospective data largely at a time when chart reviews were the main data source. Enrollment of member institutes into the registry is by invitation. OncoCollect is installed in individual institutions. Participating institutions are given the rights to export data, and the OncoCollect exports anonymized data to the Registry. Both academic and community practices are a part of the registry. Every effort is made to ensure that the data are representative in terms of geography, socioeconomic status of patients, and clinical expertise of the institutes. Each institute is responsible for entering data onto the OncoCollect software developed by the Ramesh Nimmagadda Cancer Foundation (RNCF). RNCF is a charitable trust that facilitates collaborative data collection across various cancer subtypes from institutes in India. The software has the ability to import data from the hospitals electronic medical records (EMR) or Excel sheets, apart from the manual entry. The statistical analysis software is linked to the OncoCollect software.

This study is a collaborative effort to evaluate current practices in the management of HL in a middle-income country, identify the challenges in data collection, and look at potential solutions for future patient management.



Objective

The primary objective of this study was to analyze the clinical presentation and outcomes for HL in real-world collaboration.

The secondary objective were to study the treatment patterns based on prognostic risk stratification.



Methodology

This was designed as a retrospective, multi-institutional, observational study to report clinical features at presentation and analyze outcomes of patients diagnosed between January 2011 and December 2017. A total of 1,285 patients (≥18 years) with WHO classification of HL were registered in the database. 939 treatment-naive classical HL (CHL) patients were considered evaluable for first-line treatment response and outcome. 51 patients with nodular lymphocytic predominant HL and 295 patients who presented post relapse or had less than 4 visits in the outpatient clinic with no definite treatment prescribed at the participating centers were excluded from this audit. The electronic medical records (EMR) capturing data of patient characteristics, diagnosis, admission for toxicity, medications, imaging, and laboratory were utilized for this study. This study was approved by the Hospital Ethics Committee (HEC) of all participating institutes. A consent waiver was granted by the HEC.

OncoCollect software developed by the Ramesh Nimmagadda Cancer Foundation (RNCF) was used to collate data.


Disease Assessment

The histopathological diagnosis was reviewed at the participating center for most patients [subject to slide and block availability] prior to the start of therapy. CHL subtyping was done according to the WHO 2008 (10) and staging and prognostication using the EORTC (11) and NCCN guidelines (12).

Clinical variables recorded from the EMR included age, gender, Eastern Cooperative Oncology Group [ECOG] performance status [PS], fever [>38.6°C], weight loss [>10% of body weight in 6 months], Ann Arbor stage, and preexisting comorbidities. As part of the staging evaluation, whole-body FDG PET-CT or plain CT imaging of the thorax and abdomen along with bone marrow aspiration and biopsy was done. Cerebrospinal fluid (CSF) cytology at diagnosis was done for patients with symptoms or signs of central nervous system (CNS) involvement. Laboratory test results included absolute blood counts, creatinine, albumin, and LDH. Early-stage patients were classified as favorable risk and unfavorable risk (13). The Hodgkin International Prognostic Index [IPI] on the basis of the following criteria (i.e., Hb, age, sex, stage, white cell count, lymphocyte count, and serum albumin) was calculated for patients with advanced-stage disease (14).



Treatment and Toxicity

The choice of therapy was dependent on the patient’s general condition, comorbidities, available financial, and social support. ABVD (Adriamycin, bleomycin, vinblastine, and DTIC) was the standard regimen used. Elderly patients and those with cardiac or pulmonary comorbidities were given other regimens: COPP (cyclophosphamide, vincristine, procarbazine, and prednisolone) and modifications of ABVD regimens with replacement of Adriamycin or bleomycin by etoposide. Chemotherapy cycles were repeated every 28 days for 4 to 6 cycles, depending on stage and physician’s choice.

Early-stage or limited-stage (stage I and II) patients received 4 to 6 cycles of chemotherapy. Radiotherapy was given to patients receiving less than 6 cycles at the discretion of the treating physician. All advanced-stage (stage III and IV) patients were planned for 6 cycles of therapy followed by radiotherapy to the site of initial bulky tumor [a single nodal mass of 10 cm or more or mediastinal bulk more than one-third of the transthoracic diameter] or for partial response at the discretion of the treating team.

Treatment-related toxic effects reported in EMR leading to hospitalization were analyzed.



Response and Follow-Up

The efficacy of treatment was assessed according to the revised response criteria of the International Harmonization Project on lymphomas (15). Patients who died on treatment, stopped treatment due to Grade 4 morbidity, or were lost to follow-up prior to mid-cycle evaluation were considered non-evaluable for response assessment. For patients who progressed on treatment or stopped follow-up for any reason post-mid-cycle assessment, the mid-treatment response is reported. The end of treatment response is reported for all patients who completed treatment.

The follow-up of each patient was obtained from the EMR records, or by keeping close contact with the patient/family on phone. Detailed physical examination, blood counts, and ESR were repeated on follow-up visits. Imaging studies for surveillance were as per the institute policy. Patients with residual disease and following relapse after first-line therapy were offered salvage therapy followed by high-dose chemotherapy as consolidation when financially feasible.

Reasons for death have been classified in three groups: progressive disease, treatment toxicity, and other causes. Patients in remission were censored at the last follow-up. Patients with progression and no follow-up information (physical/telephonic) were considered deceased.



Statistical Analysis

Descriptive analysis was undertaken. Continuous variables are summarized as median and interquartile distance. Categorical variables are expressed as absolute and percentage frequencies. Categorical covariates are compared using the Chi-Square test. The prognostic effect of covariates has been estimated using the Cox proportional hazard regression model and reported as hazard ratio (HR) with 95% confidence interval (CI). The survival functions have been calculated and plotted using the Kaplan–Meier method, and the survival rate at 5 years of follow-up was reported with the estimated 95% confidence interval (95% CI). Overall survival (OS) was defined as the time from diagnosis until death or the end of follow-up. Event-free survival (EFS) was defined as time from diagnosis until progression or relapse, death from any cause, or end of follow-up (August 2021; censoring).




Results

HL patients registered at the 9 participating centers are depicted in Figure 1. The presenting clinical characteristics of 939 CHL patients are summarized in Table 1. The median age was 38 years (18–99). 318 (33.86%) patients were in the second and third decades of their life. The gender ratio was 2.07:1. B symptoms were present in 473 (50.43%) patients. The commonest WHO subtype was mixed cellularity in 569 (60.60%) followed by nodular sclerosis in 253 (26.94%), lymphocyte rich in 92 (9.80%), and lymphocyte depleted in 25 (2.66%).




Figure 1 | Consort diagram.




Table 1 | Clinical characteristics at presentation, treatment, and response of 939 patients with classical Hodgkin lymphoma.



Staging evaluation was done with whole-body FDG PET-CT or plain CT of the thorax and abdomen. Bone marrow biopsy was done in 692 (74.25%). At presentation, 438 (46.65%) had early-stage (1 and 2) and 501 (53.35%) late-stage (3 and 4) disease. In the early-stage patients, 57 (13.04%) were in the favorable group and 380/437 (86.96%) belonged to the unfavorable group. In patients with advanced-stage disease, 336/478 (70.29%) had a low-risk IPI score of 0–3 and 142 (29.71%) had a high-risk IPI score of 4–7.

Documentation of comorbidities was available in 663 EM records. One or more comorbidities were present in 124/663 (18.70%). Diabetes was the most common comorbidity in 69 (10.41%), followed by hypertension in 36 (5.43%), hypothyroidism in 11 (1.66%), chronic obstructive lung disease in 2 (0.3%), and ischemic heart disease in 9 (1.36%). Past history or coexistent tuberculosis was reported in 24 (3.62%). HBsAg, HCV, and confirmed HIV were reported in 6 (0.90%), 3 (0.45%), and 5 (0.75%), respectively.

In univariate analysis, age, stage, B symptoms, and IPI for advanced stage had an impact on EFS but gender, comorbidities at presentation, and early-stage favorable versus unfavorable risk group did not. Inferior EFS was seen in patients ≥50 years (p = 0.0093). However, age was not a significant predictor for EFS in patients treated with ABVD (Table 2).


Table 2 | 5-year outcomes of classical Hodgkin lymphoma.



On multivariate analysis for EFS, stage, B symptoms, and number of chemotherapy cycles were significant. In early disease B symptoms and number of chemotherapy cycles and in advanced disease number of chemotherapy cycles and radiotherapy were significant factors (Table 3).


Table 3 | Multivariate analysis of all the patients.




Treatment Efficacy

A total of 889 (94.68%) received ABVD chemotherapy, and 50 (5.32%) received other combinations. The median number of chemotherapy cycles received was 6 (range 1–6). Consolidation radiotherapy was given to 130/438 early-stage (29.68%) and 67/501 advanced-stage (13.37%) patients. CR was achieved in 743 patients (80.67%), PR in 118 (12.81%), and stable disease in 21 (2.28%). 39 (4.23%) had PD on first-line treatment. 18 patients could not be evaluated for response due to early mortality (n = 2), severe morbidity resulting in treatment dropouts (n = 4), or failure to take treatment for financial and other social reasons (n = 12).

Early-stage patients received 4 cycles of ABVD with or without radiotherapy in 64 (15.0%) and 85 (20.0%), respectively, or 6 cycles chemotherapy in 210 (49.5%) and 6 cycles followed by consolidation radiotherapy in 65 (15.0%). The 5-year EFS for favorable versus unfavorable early-stage CHL was 84.45% versus 83.60% (p = 0.94), respectively. Treatment with chemotherapy combinations less intensive than ABVD (i.e., COPP, AVD+/- etoposide) was associated with inferior survival. The 5-year EFS was 79.97% for ABVD versus 47.94% for other combination therapy (p < 0.0001). The 5-year EFS was significantly inferior in advanced- (73.55%) compared with early-stage (83.53%) disease (p = 0.00087).

A PET-CT scan for mid-treatment response evaluation was done in 346 patients (36.85%), and an end-of-treatment PET-CT was done in 427 (45.47%). The remaining patients had an evaluation done with CT scans. Inability to achieve a CR on mid-cycle PET-CT assessment showed inferior 5-year EFS, 69.3% versus 90.2%. Patients who achieved a CR at the end of treatment had 5-year EFS of 88.85% as compared to patients who never achieved a CR (5-year EFS 35.38%), as shown in Table 2. The EFS for the entire cohort at 5 years is 78.24% (CI 75.36%–81.24%), as shown in Figure 2A. The median FU was 51 months (IQR 22–69).




Figure 2 | (A) 5-year event free survival of classical Hodgkin lymphoma. (B) 5-year overall survival of classical Hodgkin lymphoma.



12 patients (1.2%) developed febrile neutropenia and required hospital admission for the same.

Out of 921 patients who completed therapy, 132 patients relapsed or did not respond to first-line therapy. Among relapsed or refractory patients, 98 (74%) patients underwent second-line therapy. Treatment was escalated to BEACOPP or ABVD in 9 patients. Platinum-based chemotherapy was the commonest in 58 (60%), followed by gemcitabine at 26 (27%) as salvage regimen. Only 8 (8%) patients received novel immunotherapies, brentuximab (n = 3), nivolumab (n = 1), and rituximab (n = 4). 15 (15%) patients received metronomic therapy with a combination of cyclophosphamide, etoposide prednisolone, and procarbazine along with best supportive chemotherapy because of advanced age, associated comorbidities, or socioeconomic reasons. 22 (23%) patients underwent autologous transplantation after achieving adequate response. The 5-year EFS for 2nd-line treatment in 98 patients were 60.66% (CI 49.62%–74.15%). The median relapse-free survival for the patients with salvage therapy is 28 months (IQR 9.5–51). The OS for the entire cohort at 5 years was 83.63% (CI 80.86%–86.49%), as shown in Figure 2B.

EFS events in the first year were very high at 11.5% compared to next 4 years at 3.09%, 2.24%, 1.17%, and 0.85%. This was partly due to patients who discontinued treatment during the first year. Loss of follow-up was 10.54% and 5.75% in the first and second years post chemotherapy respectively with lower numbers in years 3–5 at 3.94%, 3.30%, and 3.73%.




Discussion

The OncoCollect data represent the largest retrospective series (Table 4) of CHL patients treated in India. The important observations from previous studies in India included young age at diagnosis, higher male-to-female ratio, higher frequency of B symptoms, larger proportion of patients with advanced stage, and mixed cellularity being the predominant histological subtype. While the median age of presentation from India has always been lower in earlier series, this study showed median age of 38 years, very similar to that reported in the SEER data (18). Most patients were in their second and third decades of life with no second peak identified after 50 years, a departure from the trend noted from Western countries (14, 19). The absence of a second peak in our study may be explained by the overall younger population of India and reluctance of older patients to go through chemotherapy. This might improve in coming years due to improving financial conditions, social attitude toward chemotherapy, and aging population.


Table 4 | Comparison of Hodgkin lymphoma outcomes from Indian studies with SEER data.



The gender ratio documented in previous Indian studies before 2000 was 4:1, while the present study showed a change to 2.07:1 reflecting urbanization and changing attitude of society toward female health in the past two decades (1, 18). A higher proportion of patients with B symptoms (50.43%) and advanced stage (53.24%) were noted at initial presentation, again reflecting delay in presentation and diagnosis attributable in part to a deficiency of expertise and awareness among primary care physicians. Secondly, the propensity to implement empiric treatment for tuberculosis, many times implied on fine needle aspiration, contributed to delays in diagnosis causing stage migration before eventual diagnosis was confirmed by biopsy (20–23). Mixed cellularity contrary to nodular sclerosis was the most common histological subtype (60.60%) in this study with similar reports from India and other limited-resource countries (4, 24–27). The higher frequency of mixed cellularity could be more related to higher incidence of EBV infection (25, 28).

The treatment for early-stage patients in India has been 4 cycles of ABVD with or without consolidation radiotherapy. The trend identified in this study was to complete 6 cycles of ABVD where facilities for PET scan and radiotherapy were limited, accounting for this schedule being implemented in 65% of patients with early-stage disease. PET scans were not done for most patients at baseline. The need to perhaps overtreat with 6 cycles was also likely to augment responses and decrease the chance of relapse, keeping in mind the limited resources to salvage recurrences with chemotherapy and stem cell transplant. In this study, 4 cycles without RT were found inferior to 4 cycles with RT or 6 cycles ABVD. While a large number of favorable risk group patients in early-stage disease were treated with 4 cycles of ABVD and consolidative RT or 6 cycles of ABVD similar to the unfavorable group, the impact of prognostic factors on the differences in survival outcomes of two groups could not be discerned.

For advanced-stage CHL varying definitions of early and advanced stage have been used in literature. In this study, all stage II patients were included in the early stage, making direct comparisons between studies difficult (29–31). The standard treatment included 6 cycles of ABVD with or without consolidative RT. A minority were treated with other intensive or less intensive regimens. Patients treated with any modification of ABVD or other combinations in this study resulted in inferior outcomes (79.97% vs. 47.94%, p < 0.0001). In comparison to previous reports from India, more patients in the present study underwent baseline PET CT assessment and mid-cycle 36.57% or at the end of treatment 46.36% (32, 33), a reflection of PET CT scan becoming more accessible and cheaper and perhaps a greater awareness of the prognostic relevance of an interim PET among physicians. As with previous studies, interim response status by PET-CT scan retained its prognostic significance (90.72% vs. 69.30% p < 0.0001) (34, 35). The EFS and OS for advanced-stage CHL were 73.55% and 79.22%, respectively, at a median follow-up of 50 months. This was contrasting with an earlier retrospective analysis of advanced CHL wherein the OS and EFS were 60% and 58%, respectively, at a median follow-up of 28 months (36). Perhaps the larger numbers and longer follow-up data in the current dataset provided a better outcome.

Looking at the outcomes in both early- and advanced-stage CHL, the overall response rate of 93.67%, 5-year EFS of 78.24%, and OS of 83.63% reported in this study was comparable to previously reported data from Indian as well as Western studies (37–39), but better than some other low-income countries (9, 17). This disparity in results from other low-income nations could be due to differences in methodology, population included, and data gathering approach. However, despite efforts by treating physicians, improving financial conditions and awareness, there was a significant drop in adherence to follow-up especially in the first 2 years after completion of treatment. This has remained constant over the past decade translating into delayed identification of relapses and long-term sequelae adding to morbidity and mortality rates in CHL post therapy. The collaborating institutes understand the need to put in more effort and make tailored strategies to improve adherence to routine follow-ups after completion of treatment.

At relapse, majority of patients (60.0%) received platinum-based salvage chemotherapy. In contrast to Western counterparts (16, 40, 41), only a very small number of relapsed/refractory (8%) patients received novel agents in salvage setting prior to transplantation, the main reasons being the high cost of newer drugs, an out-of-pocket payment system, and also a sense of nihilism to undergo high-dose chemotherapy and a hematopoietic stem cell transplant (HDCT and HSCT), resulting in only a quarter of patients, responding to salvage, receiving consolidative HDCT and HSCT.

This retrospective analysis is the largest Indian dataset specifically looking into the clinical presentation and outcomes in patients with CHL receiving a uniform protocol in the first-line setting. The outcomes are comparable with real-world data from other countries. There is a need for a closer look at outcomes in the relapsed setting which could not be identified with conviction from this dataset owing to non-uniformity of treatment, lack of any specific recommended path of treatment, and more importantly loss to follow-up issues. The advent of more centers offering HDCT and HSCT and increasing availability of immunotherapy with decreasing costs may change the outlook and outcomes in relapsed CHL patients in India.



Conclusion

OncoCollect Registry was an initiative aimed at analyzing real-world data in order to understand the lacunae in care and improve and modify treatment in future. This study being a retrospective analysis of captured data is less likely to have the inherent bias of a traditional retrospective chart review study. The survival in patients completing treatment is comparable to that of CHL treated in the developed countries. Real-world data are important in understanding outcomes of current standard practices. It is an important reference in initiating changes like de-escalating strategies in early-stage CHL, to reduce long-term toxicity without compromising outcomes and escalating therapy in high-risk patients. In the relapsed/refractory setting, the outcomes of this study are encouraging and recommend that a second chance for cure must be offered to these patients.
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