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Summary

Little is known about the incidence of late effects following non-Hodgkin lymphoma (NHL)
among adolescent and young adult (AYA, 15-39 years) survivors. Using data from the California
Cancer Registry linked to hospital discharge, we estimated the cumulative incidence of late
effects at 10 years among AYAs diagnosed with NHL during 1996-2012, who survived =2 years.
Cox proportional-hazards models were used to investigate the influence of sociodemographic

and clinical factors on the occurrence of late effects. Of 4392 HIV-uninfected patients, the

highest incident diseases were: endocrine (18:5%), cardiovascular (11:7%), and respiratory
(5:0%), followed by secondary primary malignancy (SPM, 2:6%), renal and neurologic (2-:2%),
liver/pancreatic (2:0%), and avascular necrosis (1:2%). Among the 425 HIV-infected survivors,
incidence was higher for all late effects, especially over threefold increased risk of SPM, compared
to HIV-uninfected patients (8:1% vs. 2:6%). In multivariable models for HIV-uninfected patients,
public or no health insurance (vs. private), residence in lower socioeconomic neighbourhoods (vs.
higher), and receipt of a haematopoietic stem cell transplant were associated with a greater risk of
most late effects. Our findings of substantial incidence of late effects among NHL AYA survivors
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emphasise the need for longterm follow-up and appropriate survivorship care to reduce morbidity
and mortality in this vulnerable population.
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In the United States (US), non-Hodgkin lymphoma (NHL) is the fourth and fifth leading
cause of cancer deaths among patients aged 20-39 and <20 years, respectively (Siegel et

al., 2019). Survival after NHL in adolescents and young adults (AYAs, 15-39 years) has
increased in the last decades, from about 60% in the late 1970s to 75% during 2000-2007,
except during the early years of the immunodeficiency virus (HIV) epidemic (1980s to early
1990s), when a marked survival decline was observed (Bleyer, 2011). Despite progress, AYA
survival improvement has lagged behind that observed among children and older adults with
NHL (Keegan et al., 2016a)

The mainstay treatment of NHL is systemic chemotherapy and, in some cases, radiation
and/or haematopoietic stem cell transplant (HSCT) (Kahn et al.,, 2017). The therapeutic
management of NHL evolved over the years and is currently guided by histology,
immunophenotype and risk stratification, with improved therapy leading to decreased
mortality (Hudson et al., 2012). As a result, the number of long-term NHL survivors
continues to grow. Due, at least partially, to intensive curative-intent treatment, many
survivors have a considerable excess risk of life-threatening conditions (e.g. myocardial
infarction and stroke) and other chronic health diseases (Nass et a/., 2015). Considering the
variety of NHL histological subtypes and the different consequent treatment approaches,
clinicians are expected to face a wide range of late effects that can impair the quality of life
and reduce AYA survival (Ehrhardt et al., 2019).

Whereas the late effects of childhood NHL are well recognised (Oeffinger et al., 2006;
Bhakta et al., 2017; Ehrhardt et al., 2019), little is known about long-term complications
among AYA survivors. Importantly, in the era of highly active and effective antiretroviral
therapy, the prevalence of HIV-infected patients is increasing (Engels et al., 2008; Shiels

et al., 2009) and a rise in acquired immunodeficiency syndrome (AIDS)-unrelated cancers
has been observed in these patients (Shiels ef al,, 2011). HIV-infected patients have a worse
cancer prognosis compared to HIV-uninfected patients (Chao et a/., 2010; Coghill et al.,
2015; Marcus et al., 2015). This current study aimed to estimate the cumulative incidence
(CMI) of chronic medical conditions and late effects (hereafter referred to as late effects),
potentially secondary to cancer treatment among AYAs with NHL, and investigate the extent
to which sociodemographic and clinical factors are associated with the occurrence of these
conditions. In addition, we determined differences in the incidence of late effects by HIV
status. Our results can help healthcare providers to better understand the needs of AYA NHL
survivors and guide the development of best survivorship care plans.
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Patients and methods

Patients

Data were obtained from the California Cancer Registry (CCR) linked to hospitalisation
data from the California Office of Statewide Health Planning and Development (OSHPD).
CCR is the largest state cancer registry in the US, and captures 99% of all cancer diagnoses
in California, including second primary malignancy (SPM). OSHPD data include detailed
information for every hospitalisation in over 400 non-federal hospitals in California. Eligible
patients were those aged 15-39 years when diagnosed with a first primary NHL between

1 January 1996 and 31 December 2012, and who survived =2 years after diagnosis, as
previously done (Chao et al., 2016; Keegan et al., 2018). Follow-up was through December
2014.

Non-Hodgkin lymphoma morphology was coded according to the third edition of the
International Classification of Diseases for Oncology (ICD-0O-3) (Fritz et al., 2013)

and classified using the AYA Site/WHO Recode 2008 of the National Cancer Institute
Surveillance, Epidemiology, and End Results Program (SEER, https://seer.cancer.gov/
ayarecode/aya-who2008.html). NHL subtypes were grouped as follows: diffuse large B
cell lymphoma (DLBCL), follicular lymphoma, Burkitt lymphoma, other B cell lymphoma,
NK/T cell lymphoma, lymphaoblastic lymphoma, and unspecified (Table SI).

Sociodemographic and clinical data

Age and stage at diagnosis, sex, race/ethnicity, neighbourhood socioeconomic status (nSES),
and initial treatment (chemotherapy, radiation, chemotherapy p/us radiation, none/unknown)
were obtained from CCR. HSCT was ascertained from CCR and OSHPD. With information
on extent of disease from the CCR, we classified patients by the presence of HIV or AIDS
(hereafter referred to as HIV-infected) at cancer diagnosis. From OSHPD, we identified

a few additional HIV-infected patients (7= 20). Stage at diagnosis, based on SEER
Summary Stage, was classified as localised (stage 1), regional (stage Il), or advanced (stage
I11/1V). We further combined localised and regional stages (stage I/11). Race/ethnicity was
categorised in four major groups: non-Hispanic white (white), non-Hispanic black (black),
Hispanic, and non-Hispanic Asian/Pacific Islander (Asian/Pl). Differences in outcomes by
nSES were assessed by using a previously developed multi-component index based on
block-level census data (Keegan ef a/., 2018). This index is divided into quintiles based on
the statewide distribution. We further classified nSES into two groups: lower (quintiles 1-3)
and higher (quintiles 4-5) as performed previously (Keegan et a/., 2016b). Health insurance
is defined by CCR as the primary insurance carrier or method of payment at time of
patient’s diagnosis. We initially grouped insurance into private (military, health maintenance
organisations, preferred provider organisations, and managed care not otherwise specified),
public (Medicaid and other government-assisted programs), none/uninsured and unknown.
Considering the findings of earlier studies which suggest that most uninsured AYAs received
Medicaid coverage after their cancer diagnosis, and that uninsured and Medicaid-insured
AYA cancer patients had a similar mortality risk, we collapsed these two categories of
insurance into public/none (Robbins et al., 2014; Rosenberg et al., 2015).
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OSHPD and CCR data were linked by using sex and an encrypted social security

number. Serial records for each patient were identified using record linkage numbers.
Clinical information included up to 24 diagnoses and 20 procedures that were coded to

the Ninth Edition of the International Classification of Diseases, Clinical Modification
(ICD-9-CM). Late effects were classified as follows: cardiovascular (hypertension,
ischaemic heart disease, cardiomyopathy/heart failure, heart transplant, other heart diseases),
neurologic (stroke, seizure), endocrine (hypothyroidism, diabetes mellitus, ovarian/testicular
dysfunction, nutritional deficiencies, other thyroid/endocrine glands disorder, and metabolic
diseases), respiratory (asthma, chronic obstructive pulmonary disease, pulmonary fibrosis,
pneumonopathy), renal (hypertensive chronic kidney disease, hemodialysis, kidney
transplant), liver and pancreas (chronic liver disease, cirrhosis, liver transplant, chronic
pancreatitis), avascular necrosis (AVN), and SPM (Table SII). If a patient had one of these
late effects prior to NHL diagnosis, this specific condition was not considered as an outcome
in the analyses.

Statistical analysis

Results

Chi-squared tests were used to examine whether patient characteristics differed by HIV
status. The CMI and associated 95% confidence intervals (Cls) of developing a medical
condition =2 years after NHL diagnosis was estimated using non-parametric models,
accounting for death as a competing risk (Lin et al,, 2012). Gray’s K-sample test statistic
was used to determine whether the CMI of late effects differed by sociodemographic and
clinical factors (Gray, 1988).

We used multivariable Cox proportional hazards regression to examine whether race/
ethnicity, nSES, health insurance, and initial treatment were associated with late effects

in HIV-uninfected and -infected patients. The proportion hazard assumption was tested

by examining log-log survival plots, and confirmed, based on cumulative sums of
Martingale residuals. Stage at diagnosis and initial treatment violated the proportional
hazard assumption, and these were therefore included as stratifying variables in the models.
The models were additionally adjusted for sex, age at diagnosis, NHL subtype, and year of
diagnosis. HSCT was treated as a time-dependent variable. Analyses were conducted using
SAS version 9.4 software. Ethics approval was obtained by the Institutional Review Board
of the University of California, Davis and by the California Committee for the Protection of
Human Subjects.

During 1996-2012, we identified 8983 patients aged 15-39 years diagnosed with NHL in
California. After exclusion of patients who died within two years after diagnosis (7= 2995),
had unknown survival time (77 = 94), those with unknown/invalid linkage to OSHPD data
(n=1049), and those with a SPM within 60 days after diagnosis or with an unknown

date of SPM (= 28), we identified 4817 AYA survivors. Of those, 4392 (91-2%) were HIV-
uninfected and 425 (8-8%) were HIV-infected patients. The median follow-up time was 9:5
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and 9-3 years (range 2:0-19-0) for HIV-uninfected and HIV-infected patients, respectively.
Overall, 23-8% HIV-uninfected and 39-8% HIV-infected AYAs had =1 late effect(s).

Table I shows the baseline characteristics of the NHL survivors by HIV status. The majority
of patients were male, of white race/ethnicity, diagnosed at age 30 or older, lived in lower
nSES, and had DLBCL. HIV-infected vs. HIV-uninfected survivors had a higher proportion
of late stage disease (I11/1V) at diagnosis (47-8% vs. 37-3%) and were about twice as likely
to be uninsured/publicly (48-0%) vs. privately (21:4%) insured. HIV-uninfected AYAs were
over twofold as likely to receive HSCT than HIV-infected patients (13-3% vs. 5:4%). HIV-
uninfected patients had a higher proportion of follicular lymphoma, NK/T cell lymphoid
neoplasm and lymphoblastic leukaemia, and a lower proportion of DLBCL and Burkitt
lymphoma, than HIV-infected patients. Between 1996-2000 and 2009-2012, we observed
a decreased utilisation of HSCT (18-1% and 9:0%, £ < 0-001) and radiation (33-8% and
21-9%, P< 0-001) among HIV-uninfected survivors. No significant differences in HSCT and
radiation were observed among HIV-infected patients over time (data not shown in Tables).

Among HIV-uninfected AYAs, the most frequent diseases at 10 years were as follows:
endocrine (CMI = 18:5%), cardiovascular (CMI = 11-7%), and respiratory (CMI = 5:0%),
followed by SPM (CMI = 2:6%), renal and neurologic (CMI = 2:2%), liver/pancreatic (CMI
= 2:0%), and AVN (CMI = 1-2%). The two most common SPMs among HIV-uninfected
survivors were breast (19-2%) and skin melanoma cancers (12:3%), whereas among HIV-
infected survivors, 54-5% of SPM was anorectal cancer (footnotes of Tables Il and 11,
respectively). HSCT was associated with an increased risk of all late effects among HIV-
uninfected survivors (Table I1). HIV-infected survivors had a higher CMI of all late effects
compared to HIV-uninfected patients (Fig 1).

When compared to other racial/ethnic groups, HIV-uninfected blacks and Hispanics had a
higher incidence of cardiovascular, renal, endocrine and neurologic diseases, whereas HIV-
infected blacks had a greater incidence of cardiovascular, renal, respiratory and neurologic
diseases. HIV-uninfected patients with advanced stage disease (111/1V), who were uninsured/
publicly insured, and those who lived in lower SES neighbourhoods, had a greater CMI

of most late effects. Conversely, among HIV-infected patients, these factors were not
significantly associated with the CMI of late effects (Tables Il and I11).

In multivariable models, among HIV-uninfected patients, public/no insurance (vs. private)
was associated with greater risk of most late effects, except AVN. Likewise, receipt of
HSCT was associated with a higher risk of most diseases, including AVN, cardiovascular,
respiratory, renal and endocrine diseases. The risk of developing late effects varied by

nSES, with AYAs who resided in lower (vs. higher) nSES at a higher risk for developing
cardiovascular, respiratory and endocrine diseases. Hispanic and black race/ethnicity (vs.
white) were associated with a higher risk of renal disease. Male survivors had a higher risk
of renal disease, while females were at increased risk of SPM. Our analysis by NHL subtype
revealed that lymphoblastic lymphoma was significantly associated with an increased risk of
endocrine disorders and AVN (Table IV). In multivariable models limited to HIV-infected
patients, we observed a higher risk of renal disease among non-white patients, without
evident associations with other factors (Table V). We did not observe differences in late
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effects by calendar year of diagnosis, except for a higher risk of neurologic diseases among
HIV-uninfected survivors in the later (vs. earlier) period of diagnosis (Table V).

Discussion

Advances in the management of NHL with risk-stratified and multimodal treatment have
led to a significant survival improvement. However, NHL AYA survivors face a lifelong

risk of developing late effects. The therapeutic toxicity after NHL has been demonstrated

in several studies of childhood cancer survivors (Oeffinger et al,, 2006; Bhakta et al.,

2016; Bhakta et al., 2017), but just a few reports were specific for NHL (Haddy et a/.,

1998; Ehrhardt et al., 2017). To our knowledge, this is the first population-based study

to investigate the incidence of late effects among AYAs with NHL, and also to explore

the impact of sociodemographic and clinical factors on the occurrence of these conditions
among HIV-uninfected and -infected patients. We found that AYAs who survived =2 years
after NHL diagnosis had a substantial burden of late effects, particularly those with public or
no insurance, HIV-infected patients, HSCT recipients, and survivors who lived in lower SES
neighbourhoods.

The majority of NHL patients receive chemotherapy, and consequently late effects

among AYAs are most likely secondary to the cumulative doses and intensities of the
chemotherapeutics, mainly anthracycline and alkylating agents (Ehrhardt ef a/., 2019). Our
findings of a higher incidence of cardiovascular and endocrine diseases are consistent with
previous childhood studies (Haddy et a/., 1998; Meacham et al., 2010; Bhakta et al., 2016;
Bhakta et al., 2017; Ehrhardt et al,, 2017). For example, a report from the Childhood Cancer
Survivor Study showed that young survivors of childhood cancers were more likely to take
medications for hypertension, dyslipidemia, and diabetes than their siblings (Meacham et af.,
2010). Additionally, a more recent study at a single US institution showed that the four most
prevalent late effects among children/adolescent NHL survivors were being overweight/
obesity, increased fasting glucose, high total cholesterol, and hypertension (Ehrhardt ef

al,, 2017). Another report from the St. Jude Lifetime Cohort Study (Bhakta ef a/., 2017)
demonstrated that among patients treated for childhood cancer who survived =10 years and
were aged =18 years, respiratory disease and SPM contributed to the overall cumulative
burden and severity of chronic medical conditions, supporting our results.

We observed that the majority of SPMs among both HIV-uninfected and HIV-infected
survivors were solid tumours. HIV-uninfected AYAs were more likely to develop breast and
melanoma skin cancers, whereas over half of SPMs among HIV-infected survivors were
anorectal cancers. A report has shown (Wang et a/., 2018) that some childhood cancer
survivors carry germline mutations in cancer predisposition genes, which are significantly
associated with increased rates of solid tumours in irradiated survivors (breast cancer and
sarcomas) and non-irradiated survivors (any SPM, breast cancer, non-melanoma skin cancer,
and =2 histologically different SPMs), supporting the referral of AYA NHL patients for
genetic counselling. Recent studies have suggested that chemotherapy with anthracycline
and alkylating agents also increase the risk of SPM (Henderson et al., 2016; Teepen et

al., 2017). Interestingly, we found a more pronounced increase of SPM in HIV-infected
versus HIV-uninfected survivors. Multiple factors may have contributed to the increased
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incidence of SPM in HIV-infected survivors, including chronic antigenic stimulation,
chronic inflammation, cytokine deregulation, and concomitant infections (Yarchoan &
Uldrick, 2018). Additionally, HIVV-infected patients are nearly twice as likely to smoke,
and find it more difficult to quit smoking, than the general population (Mdodo et al.,
2015), further increasing the risk of developing smoking-related cancers, as well as
cardiovascular and respiratory diseases. Our findings emphasise the importance of AYA
long-term surveillance to prevent (e.g. through sun protection and smoking prevention/
cessation) and detect SPM early on (e.g. mammaography for breast cancer screening, and
physical examination and anoscopy/sigmoidoscopy for anorectal cancers).

Approximately 13% of HIV-uninfected AYAs received HSCT. We found that these patients
were at greater risk of presenting with cardiovascular, respiratory, renal, endocrine and
AVN than non-HSCT recipients. Although patients who received HSCT usually have a
good quality of life, they have a lifelong risk of late health complications, which are more
frequently seen than after conventional chemotherapy and/or radiation (Bhatia, 2011; Smith
et al., 2013). These findings underline the importance of optimal survivorship care in this
population.

Our analysis by NHL subtypes showed that among HIV-uninfected patients those with
lymphoblastic lymphoma had the highest CMI of AVN (likely due to a high dose of
steroids), whereas follicular lymphoma had a greater CMI of cardiovascular, respiratory and
endocrine diseases. Patients with Burkitt lymphoma presented the lowest CMI of endocrine
and cardiovascular diseases compared to other histological subtypes. We did not observe
significant differences in the CMI of late effects by NHL subtype among HIV-infected
survivors. These observations need to be interpreted in light of the differences in NHL
subtypes between HIV-infected and HIV-uninfected patients, including a higher incidence
of Burkitt lymphoma among HIV-infected, and follicular lymphoma among HIV-uninfected
patients. While the former patients may have received more intensive multidrug therapy,
the later may have received less intensive treatment or a ‘watch and wait’ approach.
Furthermore, potential differences in treatment management over time such as reduction

in the use of radiation, introduction of immunotherapy combined with chemotherapy for
some types of NHL, and improvements in antiretroviral therapy may have influenced the
occurrence of late effects we observed.

Uninsured/publicly insured HIV-uninfected AYAs had a higher risk of developing late
effects than privately insured survivors. This finding suggests that they have less access to
healthcare as well as suboptimal preventive survivorship care. A US report, which used data
from the Behavioral Risk Factor Surveillance System, revealed that AYA cancer survivors
may avoid healthcare due to financial barriers, precluding prevention and early detection

of late adverse effects (Kirchhoff et a/, 2012). The authors appropriately highlighted that
although expansion of health insurance coverage for AYAs is important, this may not be
sufficient to guarantee optimal care for these patients, unless cost-sharing and high out-of-
pocket expenses are removed/reduced.

Similarly, nSES also influenced the occurrence of late effects among HIV-uninfected
patients. AYAs who lived in lower SES regions had a higher risk of cardiovascular,
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respiratory and endocrine diseases. These findings are consistent with an earlier study on
AYAs with Hodgkin lymphoma in California, which found that those living in lower SES
neighbourhoods had a higher incidence of respiratory and endocrine diseases (Keegan et al.,
2018). These data corroborate our colleagues’ interpretation (Kirchhoff et al, 2012; Kent et
al., 2013; Keegan et al., 2018) that financial barriers can lead to dramatic consequences for
the quality of life and survival of AYAs with cancer, as a result of delaying or foregoing
much needed healthcare. Conversely, health insurance and nSES were not associated with
the development of late effects among HIV-infected survivors. This may relate to a more
advanced stage at diagnosis and/or higher risk NHL among these patients, requiring more
intensive cancer therapies.

Adolescent and young adults of Hispanic and black race/ethnicity had an increased risk

of renal disease in both HIV-uninfected and HIV-infected patients. Consistent with studies
in North America (Lucas et al., 2008; Abraham et al., 2015), black HIV-infected patients
had a substantial increased hazard of renal disease compared to HIV-uninfected patients.
This may be partially explained by the potential nephrotoxic effects of antiretroviral therapy,
HIV-associated nephropathy and HIV-immune complex renal disease (D’ Agati & Appel,
1998). In addition, recent studies have demonstrated that APOL 1 renal risk variants have
been implicated in the increased risk of end-stage renal disease among black versus white
HIV-infected survivors (Jotwani et al., 2017).

Strengths of the present study include a large population of AYAs diagnosed with NHL

in California who survived =2 years after diagnosis, comprising a highly diverse racial/
ethnic population. While some previous studies used patient-reported late effects without
medical validation, we used data from all types of non-federal hospitals, allowing the
generalisability of our findings. Additionally, we were able to investigate the late effects
among HIV-infected survivors, a population which continues to grow and which endures a
higher morbidity and mortality than HIV-uninfected individuals.

Our study has several limitations. Firstly, we used data from patients admitted to hospitals
(with a more severe disease) and may have missed information on outpatient and emergency
room visits. The incidence of late effects may therefore have been underestimated. Secondly,
although cancer registration is mandatory in California, 17-5% of patients who did not

link to non-federal hospitalisation records were excluded from this study. This could have
influenced the incidence of late effects we found. Thirdly, we lack detailed information on
chemotherapy doses and intensities, type and intensity of radiation, conditioning regimens
for HSCT, use of immunotherapy (e.g. rituximab), different retroviral drugs and regimens
and relapse occurrence. Fourthly, we did not have data on the CD4 T cells count, a measure
of the severity of HIV infection. Fifthly and finally, although we used a broad list of

chronic conditions, it is not all-inclusive, and we may have missed information such as the
psychological effects of treatment which can impair the quality of life of AYA survivors.
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Conclusions

Adolescent and young adult NHL survivors had a wide spectrum of late effects, more
specifically cardiovascular, respiratory, endocrine and secondary malignancies. We identified
subgroups of patients with higher risk of diseases, such as uninsured/publicly insured AYAs,
those who lived in lower SES neighbourhoods, HSCT recipients and HIV-infected patients.
A deepened understanding of the late adverse effects of NHL treatment can facilitate the
development of an effective survivorship plan, focusing on prevention, early detection and
treatment of these conditions. Expansion of healthcare coverage and reduction of financial
barriers may contribute to better long-term care of AYAs with NHL, ultimately improving
the survival and quality of life of this population.
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Fig 1.
Cumulative incidence of late effects among 4817 adolescent and young adult survivors of
non-Hodgkin lymphoma, by HIV status, California, 1996-2012. The analyses started at 2
years after diagnosis. [Colour figure can be viewed at wileyonlinelibrary.com]
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Table I.

Demographic and clinical characteristics of 4817 adolescent and young adult survivors of non-Hodgkin
lymphoma, by HIV status, California, 1996-2012.

HIV-uninfected (N = 4392),  HIV-infected (N = 425),

1duosnuey Joyiny 1duosnuen Joyiny 1duosnuey Joyiny

1duosnuep Joyiny

Baseline char acteristics” N (%) N (%)
Sex
Female 2027 (46-2) 58 (13-6)
Male 2365 (53-8) 367 (86-4)
Race/ethnicity
NH White 2285 (52.0) 201 (47-3)
NH Black 315 (7-2) 67 (15-8)
Hispanic 1156 (26-3) 132 (31.1)
NH Asian/PI 546 (12-4) 23 (5:4)
Unknown 90 (2-0) 2(0-5)
Age at diagnosis, years
15-19 412 (9-4) 3(0-7)
20-24 527 (12:0) 23 (54)
25-29 721 (16-4) 50 (11-8)
30-34 1065 (24-2) 138 (32:5)
35-39 1667 (38-0) 211 (49-6)
Year of diagnosis
1996-2000 1252 (28:5) 172 (40-5)
2001-2004 1109 (25-3) 99 (23-3)
2005-2008 1045 (23-8) 80 (18-8)
2009-2012 986 (22-4) 74 (17-4)
NHL histopathology
B cell lymphoma, total 3283 (74:7) 321 (75'5)
DLBCL 1866 (42:5) 220 (51-8)
Follicular lymphoma 776 (17-7) 13(31)
Burkitt lymphoma/leukaemia 187 (4-3) 81 (19-1)
Other B cell lymphoma 454 (10-3) 7 (1-6)
NK/T cell lymphoma 598 (13:6) 25 (59)
Lymphoblastic lymphoma’ 180 (41) N/A
Unspecified 331 (7'5) 79 (18-6)
Stage at diagnosis
I/11 - localised/regional 2417 (55-0) 208 (48-9)
111/IV - advanced 1638 (37-3) 203 (47-8)
Unknown 337 (7:7) 14 (3:3)
Health insurance
Private 3186 (72:5) 197 (46-4)
Public/None 941 (21.4) 204 (48.0)
Unknown 265 (6-0) 24 (5:6)
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Baseline char acteristics”

HIV-uninfected (N = 4392),
N (%)

HIV-infected (N = 425),
N (%)

Neighbourhood SES
Low SES (quintiles 1-3)
High SES (quintiles 4-5)
Initial treatment
Chemotherapy only
Chemotherapy and radiation
Radiation only
No/unknown
Chemotherapy
Yes
No
Unknown
Radiation
Yes
No
Unknown
Haematopoietic transplant
Yes
No
Secondary malignancy
Solid

Haematologic

2270 (51.7)
2122 (48-3)

2174 (49-5)
990 (22:5)
273 (6:2)
955 (21-7)

3165 (72:1)
1150 (26-2)
77 (1.8)

1274 (29.0)
3117 (71.0)
1(0:0)

584 (13-3)
3808 (86°7)

134 (3-1)
12 (0:3)

286 (67-3)
139 (327)

282 (66-4)
57 (13-4)
18 (4-2)
68 (16:0)

339 (79:8)
78 (18-4)
8 (1-9)

75 (17:6)
350 (82+4)
N/A

23 (54)
402 (94-6)

40 (9-4)
4(0:9)

Page 15

NHL, non-Hodgkin lymphoma; NH, non-Hispanic; SES, socioeconomic status; HIV, human immunodeficiency virus; NK, natural killer; DLBCL,
diffuse large B cell lymphoma; A, number; N/A, non-applicable; PI, Pacific Islander.

*
Chi-squared P-values (probability values) <0-0001 for all categories comparing HIV-infected and uninfected patients.

fAIso called acute lymphoblastic leukaemia, it can be T or B cell type.
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