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Abstract

:

Cost-effectiveness analyses are required for therapies within Canada’s universal healthcare system, leading to delays relative to U.S. healthcare. Patients with Hodgkin lymphoma (HL) generally have an excellent prognosis, but those who relapse after or are ineligible for transplant benefit from novel therapies, including brentuximab vedotin (BV). BV was FDA-approved in 2011 but not Canadian-funded until 2014. To assess the impact of access delays, we compared changes in survival for U.S. (by insurer) and Canadian patients in periods pre/post-U.S. approval. Patients were 16–64 years, diagnosed with HL in 2007–2010 (Period 1) and 2011–2014 (Period 2) from the U.S. SEER and Canadian Cancer Registries. Approval date (surrogate) was utilized as therapy was unavailable in registries. Kaplan-Meier survival curves and adjusted Cox regression models compared survival between periods by insurance category. Among 12,003 U.S. and 4210 Canadian patients, survival was better in U.S. patients (adjusted hazard ratio (aHR) 0.87 (95%CI 0.77–0.98)) between periods; improvement in Canadian patients (aHR 0.84 (95%CI 0.69–1.03) was similar but non-significant. Comparisons between insurers showed survival was significantly worse for U.S. uninsured and Medicaid vs. U.S. privately insured and Canadian patients. Given the increasingly complex nature of oncologic funding, this merits further investigation to ensure equity in access to therapy developments.
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1. Introduction


Insurance status impacts treatment access and survival for cancer patients [1,2,3,4,5,6,7,8]. This can be due to factors including increased comorbidities and unhealthy behaviors, delayed or late-stage diagnosis and treatment, inability to navigate or mistrust of health care systems, lack of transportation or time off work, and lower-quality treatment by providers serving uninsured patients or those receiving Medicaid. In a 1999–2004 study of New Jersey patients diagnosed with the seven most common forms of cancer, uninsured patients or those receiving Medicaid had a 21–198% higher risk of death at 5 years for almost all types of cancer compared to privately insured patients [9]. Additionally, while privately insured patients with breast, colorectal, or lung cancer and non-Hodgkin lymphoma (NHL) experienced improved survival over time, there was no improvement for uninsured patients. A National Cancer Data Base study of 45,777 patients diagnosed with Hodgkin lymphoma (HL) between 1998–2011 similarly showed that patients with unfavorable insurance status (i.e., those on Medicaid or lacking insurance, often due to limited income) not only presented at a more advanced stage, had higher comorbidity scores, and were more likely to have constitutional symptoms (fevers, sweats, weight loss) but also were less likely to receive radiotherapy or start chemotherapy promptly and were less commonly treated at an academic or research center [1]. These differences translated to a 5 year overall survival (OS) of 54% vs. 87% for unfavorably vs. favorably insured, which retained significance after adjusting for covariates. Newer oncologic therapies including immunotherapy can be prohibitively expensive and thus concern arises that survival inequities will be accentuated. This can occur even in universal healthcare systems such as Canada, where drug approval and coverage are delayed, often by 1.5–2 years minimum, due to multi-level (national and provincial) governmental review, prolonged cost-effectiveness analyses and negotiations, and subsequent formulary deliberations [10,11].



There are 8570 new cases of HL and 910 HL deaths yearly in the U.S. [12]; within Canada, there were an estimated 1100 new cases and 110 deaths in 2023 [13]. While the five-year median OS (mOS) for adults is 88%, survival after relapse, especially post autologous stem cell transplant (ASCT), remained poor (mOS 10.5 to 27.6 months) with limited salvage options prior to 2011 [14]. Brentuximab vedotin (BV), an antibody drug conjugate, was the first new FDA-approved (August 2011) treatment for HL since 1977. Monotherapy demonstrated a response rate of 75%, with a 5 year OS of 41% (mOS = 40.5 months, 95% CI = 28.7–61.9 months) in a phase 2 study of patients relapsing post ASCT [14]. While this represents a significant improvement over the previous standard of care, significant equity concerns exist due to cost [15]. BV costs CAD 14,520 per treatment (for a 70 kg adult; weight-based dosing) within Canada and is provided up to a maximum of 16 cycles (CAD 232,320, 2018 dollars) [15]. This cost is even higher within the U.S. Given the challenge of funding these medications within the public system, significant stakeholder engagement, and cost efficacy analyses occurred prior to approval of this medication within Canada, creating a 3 year delay following FDA approval before this was eventually approved and funded for post-transplant relapse in Canada. Transplant-ineligible patients with similar poor survival had to wait several more years longer for funding, unlike in the U.S.



We therefore compared OS for U.S. and Canadian patients diagnosed with HL in time periods pre- and post-FDA approval of BV for post-transplant relapse, hypothesizing that (1) survival differences within the U.S. according to insurance status would be present and widen after approval and (2) a survival gap would emerge between privately insured U.S. vs. Canadian patients due to earlier access.




2. Materials and Methods


A retrospective cohort study was performed including two separate cohorts with data from (1) the U.S. SEER database and (2) the Canadian Cancer Registry. The SEER database is a national surveillance program that collects and publishes cancer and survival data, covering 48% of the U.S. population [16], with yearly updates of vital status. Baseline demographics—including age at diagnosis, sex, race, Hispanic status, marital status, and insurance status—were collected, as were lymphoma-specific variables, including date of diagnosis, subtype, stage, and outcome data including vital status (from the National Death Index). Since 2007 SEER has categorized individuals’ insurance status as: uninsured, any Medicaid, insured, insured “no specifics”, or insurance status unknown. The 2019 dataset was utilized.



The Canadian Cancer Registry (CCR) covers > 95% of the Canadian cancer population and is maintained by Statistics Canada with rigorous quality assurance auditing. Baseline demographics collected include age at diagnosis and sex (other variables from SEER dataset not available in CCR dataset), along with date of diagnosis, subtype, and outcome data. Vital status has most recently been updated to December 2017. Staging information is not available in approximately 75% of Canadian patients, limiting sensitivity analysis in this cohort. Statistics Canada requires rounding for distribution of data.



U.S. and Canadian patients aged 16–64 years diagnosed with classical HL in 2007–2010 (Period 1) or 2011–2014 (Period 2) were included in the analytic cohort. As neither dataset captures chemotherapy, a surrogate date for access (FDA approval of BV) was used to delineate the time periods of exposure (before and after presumed BV access in the U.S.; Canadian patients could not universally access BV at relapse until after 2014). Additionally, 72% of relapses occur within the first two years from diagnosis. Thus, these should occur mainly within the described time periods and follow-up [17]. Exclusion criteria included missing histology, diagnosis on autopsy/death certificate only, follow-up of zero/could be zero months, or unknown insurance status.



Baseline characteristics are described by medians (interquartile ranges), means (standard deviations), and proportions and compared by chi-square (dichotomous variables) and t-tests (continuous variables). The primary outcome was overall survival, measured from date of diagnosis until death or end of follow-up. Differences in survival by insurance type and by time period of diagnosis were evaluated using Kaplan–Meier analysis. For the analysis, U.S. insurance status was categorized as insured (includes both categories of insured within SEER), uninsured, or Medicaid. All patients within CCR were considered universally insured. Cox proportional hazards models were used to calculate adjusted hazard ratios comparing insurance types.



Survival analysis by period was initially performed within each country dataset to allow for maximal adjustment by covariates (age, gender, race, ethnicity, marital status, insurance status, stage, lymphoma subtype, within SEER; age, gender, lymphoma subtype within CCR), then U.S and Canadian data were merged using common variables (age, gender, lymphoma subtype). Proportional hazards were tested globally, and if violated, individual covariates were assessed for inclusion as time varying covariates (TVCs). HRs are presented with 95% confidence intervals (CI), and significance determined as p < 0.05. Sensitivity analysis was performed, restricted to advanced-stage (stage III/IV) patients, who have a higher risk for relapse (U.S. patients only); 60-month OS was assessed as a secondary outcome using the Nelson–Aalen estimate cumulative hazard function values to compare the direction and degree of change in survival between time periods and to determine whether gaps in survival between insurance types increased over time.



Missing data for covariates are reported in tables, but not imputed. All analyses were performed using Stata IC version 15.1 (U.S. data), or Stata BE version 18 (Canadian and merged data) as Canadian analyses were performed onsite at a Research Data Centre, as required by Canadian federal law.



Research ethics board approval was not required to proceed; however, both registries required data usage applications and agreements, with an extensive security review by Statistics Canada.




3. Results


3.1. Baseline Characteristics at HL Diagnosis


In total, 12,003 U.S. and 4210 Canadian patients were included (demographics detailed in Table 1). Specifically within the SEER database, we identified 6204 and 5799 U.S. patients in Time Periods 1 and 2, respectively. Mean age was 35.8 (standard deviation (SD) 13.5) years, 46.1% of patients were female, and approximately 80% were White. Insurance coverage and stage at diagnosis were similar between time periods. Follow-up was 83.7 (SD 28.8) months for Period 1 and 42.7 (SD 17.4) months in Period 2.



Within the Canadian Cancer Registry, 2370 and 1840 patients were identified during Periods 1 and 2, respectively. The number of patients was substantially lower in Period 2, as the province of Quebec stopped contributing data in 2011. Mean age was 35.8 (SD 13.7) years and 45.8% of patients were female in Period 1; patients were slightly younger with fewer females in Time Period 2, potentially due to data non-contribution and provincial demographics. Mean follow-up time was 99.2 (SD 29.1) months in Period 1 and 57.3 (SD 17.4) months in Period 2.




3.2. Outcomes from the Time of HL Diagnosis


Within the U.S. cohort, age, gender, race, ethnicity (Hispanic vs. non-Hispanic), marital status, stage, lymphoma subtype, and insurance status were all found to impact survival. Within the Canadian dataset, age, gender, and lymphoma subtype impacted survival, though location of diagnosis (province or provincial region/territory) did not. Stage was also found to be associated with survival; however, due to the large proportion of missingness for stage, this was not included in the final model. Therefore, when combining country datasets to compare universally covered (Canadian) patients with U.S. patients, age, gender, and lymphoma subtype were the covariates included.



U.S. HL patients diagnosed in Period 2 experienced better survival than those diagnosed in Period 1 (crude HR (95% CI) = 0.90 (0.80–1.02), p = 0.090; adjusted HR = 0.87 (0.77–0.98), p = 0.025), whereas the improvement in survival seen for Canadian patients became statistically insignificant after adjusting for age, gender, and lymphoma subtype (crude HR = 0.79 (0.64–0.97), p = 0.025, adjusted HR = 0.84 (0.69–1.03), p = 0.10) (Table 2; Figure 1). Maximally adjusting U.S. patients for all known covariates results in further survival improvements between periods (adjusted HR = 0.80 (0.71–0.91), p < 0.001).



In examining U.S. patients stratified by insurance status, divergence in survival over time was seen with stable OS for privately insured (adjusted HR = 0.93 (0.79–1.10), p = 0.39), significantly higher OS in Period 2 for patients with Medicaid (adjusted HR = 0.50 (0.39–0.64), p < 0.001), and non-significantly but suggestively lower survival in Period 2 for uninsured patients (adjusted HR 1.30 (0.88–1.91), p = 0.187). Values were similar when restricted to advanced-stage (stage III and IV) U.S. patients only (Supplementary Materials).



A significantly increased risk of death was seen for U.S. patients compared to Canadian patients when combining data from both time periods (crude HR = 1.14 (1.03–1.27), p = 0.016). In the adjusted model including common covariates (age, gender, lymphoma subtype) as well as time period (Table 3), risk of death was higher for both U.S. uninsured (HR 1.83 (1.51–2.23), p < 0.0001) and Medicaid patients (HR 2.41 (2.09–2.78), p < 0.0001) compared to patients with universal coverage (Canada). Survival was slightly improved in privately insured U.S. patients compared to Canadian patients (HR 0.89 (0.79–1.00) p = 0.05). Limiting analyses to only those patients ≥ 18 or ≥ 25 years to account for potential differences in treatments for young adults did not substantially change estimates.




3.3. Change in Survival over Time


Unadjusted 60 month survival quantified divergence according to insurance status. This demonstrated a large (+7.8%) and small (+2.5%) improvement in Medicaid and universal patients respectively, essentially no change in privately insured (+0.9%) and worse survival (−2.6%) for uninsured patients (Table 4).





4. Discussion


Our data demonstrate a heartening improvement in survival for patients with Hodgkin lymphoma over a short period of time, estimated at a 16–20% reduction in death between time periods after adjusting for baseline covariates within both Canada and the U.S. We know that initial deaths are predominantly attributed to relapsed disease and drug toxicity, so there is the potential that improved supportive care or reduced toxicity also contributed to some of this change.



When comparing survival between countries, the U.S. demonstrated an overall higher risk of death compared to Canada. As the majority of U.S. patients were categorized within the private insurance group (approximately 76%) which did not demonstrate a difference in survival compared to universally insured patients, this difference falls to the 25% of patients receiving Medicaid or who were uninsured with a 1.8–2.4 times increased risk of death compared to the referent group. While we can only speculate, this may be due to the inability to afford both expensive medications such as BV and rigorous supportive care. At higher resolution, there was no change in the survival of privately insured U.S. patients, a large improvement in patients on Medicaid, and concernedly worse survival of uninsured patients. Improvements for patients receiving Medicaid may be due to other changes such as improvement in HIV care, which is not captured in the SEER database, or to better coverage for medications like BV [18]. The worse survival for uninsured patients in Period 2 may result from changes in the composition of who was uninsured after the Affordable Care Act was passed in 2010, potentially representing even further marginalized individuals who could not navigate the updated system. However, the percentage of subjects within this group only decreased slightly from 7.8 to 7.2%. Thus, a deeper review of care received and barriers within this group is paramount, though likely to be the most challenging specifically due to the lack of consistent care.



Canadian patients did not see a smaller change in survival improvement compared to privately insured U.S. patients, which suggests that although this delay occurred, either the effect was small enough that it was not captured in this analysis, or other improvements in care moderated any differences seen due to BV access. Potential avenues for receiving therapies prior to funding include compassionate (unfunded) access to BV or limited clinical trial options, which may have been explored more rigorously in Canadian patients due to access delays. However, obtaining compassionate access to unfunded therapies is a complex process requiring negotiation with pharmaceutical companies and infusion centers, often organized by drug access facilitators (employed by larger centers). Therefore, concern for disparity remains in the current Canadian system [10]. Additionally, other therapies were later FDA-approved in the relapsed/refractory setting including Nivolumab in May 2016 and Pembrolizumab in March 2017, though the timing of this relative to when most relapses in HL occur suggests that there would be limited effect on our results.



There are numerous strengths to this dataset. Both SEER and the CCR use similar diagnostic coding and variables allowing for accurate comparison and combination of the two datasets. Given how infrequent events are within this cancer type, datasets were large enough to assess for survival differences, even limited to a short number of years within each time period. SEER is specifically targeted to cover a representative portion of the US population, and CCR covers > 95% of the Canadian population; both undergo rigorous auditing, including vital status, with regular updates. Additionally, while covariates such as comorbidities and chemotherapy are not captured, patients with HL are generally younger with limited comorbidities, and frontline therapy is standardized, with most patients during that period likely receiving ABVD and—less commonly—escBEACOPP.



Limitations to this analysis mainly relate to variables not captured in the databases. Both have limited information on other baseline factors such as comorbidities and accepted variables to classify as favorable or unfavorable risk in limited-stage HL and to compute the international prognostic score (IPS), used in advanced-stage HL. As discussed above, staging data was frequently absent for Canadian patients, limiting sensitivity analysis. Chemotherapy, radiation usage and response assessment on interim or end of treatment PET/CT and relapse timing and management are not recorded in either database for hematologic malignancies, though there are no nationwide databases that capture relapse therapies for cancer. With regards to insurance status, Medicaid may have variable coverage by state, and there is a lack of Medicare or private insurance specificity in SEER dataset; insurance status may also change over time and not be captured after database enrollment. It is also appreciated that individual insurance companies or payers may have had differing times to negotiate fees with the manufacturer of BV. SEER recoded insurance in 2007, precluding inclusion of earlier years of diagnosis. Additionally, the low overall percentage (7.5%) of uninsured patients may limit findings. Lastly, while vital status is routinely updated, cause-specific survival cannot be evaluated from available variables and would be critical to understanding changes in survival over time (i.e., improvement due to new therapies vs. decreased toxicity).




5. Conclusions


Overall survival for patients with Hodgkin lymphoma improved by approximately 16–20% in the latter period in the U.S. and Canada. However, significant differences were seen according to insurance status. Uninsured patients had worse survival in Period 2 compared to Period 1, which is concerning and likely not fully related to BV access. Medicaid patients demonstrated poorer survival compared to their peers, but this did improve over time, which may be due to improved treatment of underlying comorbidities such as HIV or hypertension or due to access to therapy. Privately insured patients had stable survival despite presumed access to BV, whereas Canadian (universal) patients had slightly improved survival between periods. However, these differences were not significantly different than privately insured patients in the U.S., and thus, the delay in approval and funding of BV was not felt to have a major impact on the overall trajectory of this disease. The small number of relapsing patients may limit conclusions. However, especially considering the limitations of these cohorts, robust datasets capturing comorbidities, treatment modalities and response, and cause-specific survival are needed.








Supplementary Materials


The following supporting information can be downloaded at: https://www.mdpi.com/article/10.3390/curroncol31070287/s1, Figure S1: Overall survival of advanced-stage (stage 3/4) U.S. patients with Hodgkin lymphoma diagnosed during Time Period 1 (2007–2010) and Time Period 2 (2011–2014) according to insurance status. Canadian patients were not included as 75.4% lacked staging information.





Author Contributions


Conceptualization, G.A.D., J.E.O. and K.D.B.; methodology, G.A.D. and J.E.O.; software utilization, G.A.D., J.E.O. and K.D.B. validation, G.A.D., J.E.O. and K.D.B.; formal analysis, G.A.D., J.E.O. and K.D.B.; writing-original draft preparation, G.A.D., J.E.O. and K.D.B.; writing-review and editing, G.A.D., J.E.O. and K.D.B. All authors have read and agreed to the published version of the manuscript.




Funding


This research received no external funding.




Institutional Review Board Statement


Ethical review and approval were waived for this study due to private usage agreements with SEER and the CCR.




Informed Consent Statement


Patient consent was waived due to data anonymization in databases.




Data Availability Statement


The datasets presented in this article are not readily available because they require a data usage agreement and security clearance (CCR). Requests to access the datasets should be directed to SEER and the CCR.




Conflicts of Interest


The authors declare no conflicts of interest.




References


	



Parikh, R.R.; Grossbard, M.L.; Green, B.L.; Harrison, L.B.; Yahalom, J. Disparities in survival by insurance status in patients with Hodgkin lymphoma. Cancer 2015, 121, 3515–3524. [Google Scholar] [CrossRef] [PubMed]

	



Walker, G.V.; Grant, S.R.; Guadagnolo, B.A.; Hoffman, K.E.; Smith, B.D.; Koshy, M.; Allen, P.K.; Mahmood, U. Disparities in stage at diagnosis, treatment, and survival in nonelderly adult patients with cancer according to insurance status. J. Clin. Oncol. 2014, 32, 3118–3125. [Google Scholar] [CrossRef] [PubMed]

	



Olszewski, A.J.; Foran, J.M. Health Insurance-Related Disparities in Lymphoma Survival Are Partly Mediated by Baseline Clinical Factors. Oncologist 2015, 20, 1223–1224. [Google Scholar] [CrossRef] [PubMed]

	



Pulte, D.; Jansen, L.; Brenner, H. Survival disparities by insurance type for patients aged 15–64 years with non-Hodgkin lymphoma. Oncologist 2015, 20, 554–561. [Google Scholar] [CrossRef] [PubMed]

	



Srour, S.A.; Machiorlatti, M.; Pierson, N.T.; Bhutta, U.Z.; Cherry, M.; Selby, G.B.; Thompson, D.M.; Vesely, S.K.; Kurkjian, C.D. Impact of Health Care Insurance Status on Treatment Outcomes of Acute Myeloid Leukemia. Clin. Lymphoma Myeloma Leuk. 2017, 17, 450–456. [Google Scholar] [CrossRef] [PubMed]

	



Tang, R.; Su, C.; Bai, H.X.; Zeng, Z.; Karakousis, G.; Zhang, P.J.; Zhang, G.; Xiao, R. Association of insurance status with survival in patients with cutaneous T-cell lymphoma. Leuk. Lymphoma 2019, 60, 1253–1260. [Google Scholar] [CrossRef] [PubMed]

	



Tao, L.; Foran, J.M.; Clarke, C.A.; Gomez, S.L.; Keegan, T.H.M. Socioeconomic disparities in mortality after diffuse large B-cell lymphoma in the modern treatment era. Blood 2014, 123, 3553–3562. [Google Scholar] [CrossRef] [PubMed]

	



Yung, R.L.; Chen, K.; Abel, G.A.; Gesten, F.C.; Roohan, P.J.; Boscoe, F.P.; Sinclair, A.H.; Schymura, M.J.; Schrag, D. Cancer disparities in the context of Medicaid insurance: A comparison of survival for acute myeloid leukemia and Hodgkin’s lymphoma by Medicaid enrollment. Oncologist 2011, 16, 1082–1091. [Google Scholar] [CrossRef] [PubMed]

	



Niu, X.; Roche, L.M.; Pawlish, K.S.; Henry, K.A. Cancer survival disparities by health insurance status. Cancer Med. 2013, 2, 403–411. [Google Scholar] [CrossRef] [PubMed]

	



Sehdev, S.R.; Rawson, N.S.B.; Aseyev, O.I.; Buick, C.J.; Butler, M.O.; Edwards, S.; Gill, S.; Gotfrit, J.M.; Hsia, C.C.; Juergens, R.A.; et al. Access to Oncology Medicines in Canada: Consensus Forum for Recommendations for Improvement. Curr. Oncol. 2024, 31, 1803–1816. [Google Scholar] [CrossRef]

	



Skinner, B.J. New cancer drugs in Canada 2012 to 2021: An economic analysis of cost, benefit, availability, and public insurance coverage. Can. Health Policy 2023, 2562, 9492. [Google Scholar] [CrossRef]

	



Siegel, R.L.; Giaquinto, A.N.; Jemal, A. Cancer statistics, 2024. CA A Cancer J. Clin. 2024, 74, 12–49. [Google Scholar] [CrossRef] [PubMed]

	



Canadian Cancer Statistics Advisory Committee. Canadian Cancer Statistics; The Canadian Cancer Society: Toronto, ON, Canada, 2023; Available online: https://cancer.ca/en/research/cancer-statistics (accessed on 25 April 2024).

	



Chen, R.; Gopal, A.K.; Smith, S.E.; Ansell, S.M.; Rosenblatt, J.D.; Savage, K.J.; Connors, J.M.; Engert, A.; Larsen, E.K.; Huebner, D.; et al. Five-year survival and durability results of brentuximab vedotin in patients with relapsed or refractory Hodgkin lymphoma. Blood 2016, 128, 1562–1566. [Google Scholar] [CrossRef]

	



Pan-Canadian Oncology Drug Review. Initial Economic Guidance Report—Brentuximab (Adcentris) for Hodgkin Lymphoma (Resubmission); Pan-Canadian Oncology Drug Review: Toronto, ON, Canada, 2018; Available online: https://www.cadth.ca/sites/default/files/pcodr/pcodr_brentuximab_adcetris_hl_post-asct_resub_in_egr.pdf (accessed on 10 June 2020).

	



National Cancer Institute. Surveillance, Epidemiology and End Results (SEER): Surveillance Research Program Overview; National Cancer Institute: Bethesda, MD, USA, 2021. Available online: https://seer.cancer.gov/about/factsheets/SEER_Overview.pdf (accessed on 28 May 2024).

	



Hapgood, G.; Zheng, Y.; Sehn, L.H.; Villa, D.; Klasa, R.; Gerrie, A.S.; Shenkier, T.; Scott, D.W.; Gascoyne, R.D.; Slack, G.W.; et al. Evaluation of the Risk of Relapse in Classical Hodgkin Lymphoma at Event-Free Survival Time Points and Survival Comparison with the General Population in British Columbia. J. Clin. Oncol. 2016, 34, 2493–2500. [Google Scholar] [CrossRef] [PubMed]

	



Hotca, A.; Bloom, J.R.; Runnels, J.; Salgado, L.R.; Cherry, D.R.; Hsieh, K.; Sindhu, K.K. The Impact of Medicaid Expansion on Patients with Cancer in the United States: A Review. Curr. Oncol. 2023, 30, 6362–6373. [Google Scholar] [CrossRef] [PubMed]








[image: Curroncol 31 00287 g001a][image: Curroncol 31 00287 g001b] 





Figure 1. (Panel 1) Overall survival of U.S. and Canadian patients with Hodgkin lymphoma diagnosed during Time Period 1 (2007–2010) and Time Period 2 (2011–2014) during the first 60 months of follow-up from date of diagnosis. (Panel 2) Overall survival of U.S. and Canadian patients with Hodgkin lymphoma diagnosed during Time Period 1 (2007–2010) and Time Period 2 (2011–2014) according to insurance status during the first 60 months of follow-up from diagnosis. 






Figure 1. (Panel 1) Overall survival of U.S. and Canadian patients with Hodgkin lymphoma diagnosed during Time Period 1 (2007–2010) and Time Period 2 (2011–2014) during the first 60 months of follow-up from date of diagnosis. (Panel 2) Overall survival of U.S. and Canadian patients with Hodgkin lymphoma diagnosed during Time Period 1 (2007–2010) and Time Period 2 (2011–2014) according to insurance status during the first 60 months of follow-up from diagnosis.



[image: Curroncol 31 00287 g001a][image: Curroncol 31 00287 g001b]







 





Table 1. Baseline characteristics of patients aged 16–64 years diagnosed with classical Hodgkin lymphoma during Time Periods 1 (2007–2010) and 2 (2011–2014).
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	U.S. Time Period 1, n = 6204
	U.S. Time Period 2, n = 5799
	Canada Time Period 1, n = 2370 *
	Canada Time Period 2, n = 1840 *





	Age, mean years (standard deviation, SD)
	35.8 (13.5)
	35.7 (13.5)
	35.8 (13.7)
	34.6 (13.4)



	Female (%)
	2858 (46.1)
	2674 (46.1)
	1085 (45.8)
	825 (44.8)



	Insurance Status (%)
	
	
	N/A
	N/A



	  Uninsured
	482 (7.8)
	418 (7.2)
	
	



	  Any Medicaid
	946 (15.3)
	1011 (17.4)
	
	



	  Any Private Insurance
	4776 (77.0)
	4370 (75.4)
	
	



	Race (%)
	
	
	N/A
	N/A



	  White
	5013 (80.8)
	4625 (79.8)
	
	



	  Black
	794 (12.8)
	752 (13.0)
	
	



	  Other
	351 (5.7)
	355 (6.1)
	
	



	  Missing
	46 (0.7)
	67 (1.2)
	
	



	Spanish–Hispanic–Latino (%)
	1029 (16.6)
	1012 (17.5)
	N/A
	N/A



	Marital Status (%)
	
	
	N/A
	N/A



	  Single
	2970 (47.9)
	2886 (49.8)
	
	



	  Married, common law, partner
	2569 (41.4)
	2252 (38.8)
	
	



	  Separated, divorced, widowed
	421 (6.8)
	391 (6.7)
	
	



	  Missing
	244 (3.9)
	270 (4.7)
	
	



	Ann Arbor Stage (%)
	
	
	
	



	  I
	872 (14.1)
	722 (12.5)
	65 (2.7)
	45 (2.4)



	  II
	2795 (45.1)
	2587 (44.6)
	260 (10.9)
	260 (14.1)



	  III
	1228 (19.8)
	1186 (20.5)
	110 (4.6)
	100 (5.4)



	  IV
	1103 (17.8)
	1150 (19.8)
	95 (4.0)
	100 (5.4)



	  Missing
	206 (3.3)
	154 (2.7)
	1845 (77.7)
	1330 (72.3)



	Lymphoma Subtype (%)
	
	
	
	



	  Nodular sclerosis
	4054 (65.3)
	3486 (60.1)
	1490 (62.9)
	1205 (65.4)



	  Lymphocyte Rich
	201 (3.2)
	165 (2.9)
	95 (4.0)
	50 (2.7)



	  Mixed cellularity
	670 (10.8)
	595 (10.3)
	280 (11.8)
	195 (10.6)



	  Lymphocyte deplete
	55 (0.9)
	44 (0.8)
	.
	.



	  Not otherwise specified
	1224 (19.7)
	1509 (26.0)
	505 (21.3) §
	390 (21.2) §



	Follow-up time, months (SD)
	83.7 (28.8)
	42.7 (17.4)
	99.2 (29.1)
	57.3 (17.4)







*: Canadian data rounded per Statistics Canada requirements. §: Statistics Canada required combination of lymphoma subtype categories “lymphocyte deplete” and “not otherwise specified” for release. N/A = Not available.













 





Table 2. Hazard ratios for death comparing Time Period 2 (2011–2014) vs. 1 (2007–2010) for all US (N = 12,003) and Canadian (N = 4210) patients, stratified by insurance status.






Table 2. Hazard ratios for death comparing Time Period 2 (2011–2014) vs. 1 (2007–2010) for all US (N = 12,003) and Canadian (N = 4210) patients, stratified by insurance status.





	

	
Unadjusted HR (95% CI)

	
Adjusted HR (95% CI) *

	
Adjusted HR (95% CI) **






	
U.S. Period 2 vs. 1

	
0.90 (0.80–1.02)

	
0.87 (0.77–0.98) §

	
0.80 (0.71–0.91) §




	
Canadian Period 2 vs. 1

	
0.79 (0.64–0.97) §

	
0.84 (0.69–1.03)

	




	
U.S. Patients stratified by insurance status, for period 2 vs. 1

	




	
Uninsured

	
1.35 (0.94–1.94)

	
1.21 (0.84–1.75)

	
1.30 (0.88–1.91)




	
Any Medicaid

	
0.59 (0.46–0.74) §

	
0.53 (0.42–0.67) §

	
0.50 (0.39–0.64) §




	
Any Private Insurance

	
0.99 (0.84–1.15)

	
0.96 (0.83–1.13)

	
0.93 (0.79–1.10)








* Adjusted for age, gender, and lymphoma subtype. ** Adjusted for age, gender, stage, race, ethnicity, marital status, and lymphoma subtype. In unstratified analysis, insurance status is also included. § p < 0.05.













 





Table 3. Over