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Abstract

For people living with HIV (PLWH) who are subsequently diagnosed with non-Hodgkin
lymphoma (NHL), we investigate the impact of standard-of-care (SoC) cancer treatment on
all-cause, NHL-specific, and HIV-specific survival outcomes. The focus is on a registry-derived,
population-based sample of HIV+ adults diagnosed with NHL within 2004-2012 in the state

of Georgia. SoC treatment is defined as receipt of multi-agent systemic therapy (MAST). In
multivariable survival analyses, SoC cancer treatment is significantly associated with better all-
cause and NHL-specific survival, but not better HIV-specific survival across 2004-2017. Having
a CD4 count <200 near the time of cancer diagnosis and Ann Arbor stage I11/1V disease are
associated with worse all-cause and HIV-specific survival; the effects on NHL survival trend
negative but are not significant. Future work should expand the geographic base and cancers
examined, deepen the level of clinical detail brought to bear, and incorporate the perspectives and
recommendations of patients and providers.
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Introduction

For people living with HIV (PLWH) who are subsequently diagnosed with cancer, two
important questions take center stage: In the presence of HIV/AIDS, what is the appropriate
course of oncologic therapy? If undertaken, will such standard-of-care (SoC) treatment have
a significant positive influence on survival?

These questions become ever more compelling, and clinically challenging, when the
malignancy is an AlDS-associated cancer such as non-Hodgkin lymphoma (NHL). With
NHL there is the potentially important role of HIV not only in the emergence of the

cancer but its rate of progression and aggressiveness [1, 2, 3]. If the individual’s HIV/
AIDS is not well-controlled via antiretroviral therapy (ART), the decision may be to

delay cancer treatment or reduce dose intensity [4, 5]. Cancer therapy-induced increases in
immunosuppression can increase the risk of (non-cancer) AIDS-related complications, with
attendant implications for morbidity and mortality [2, 4, 6]. Hence, for PLWH diagnosed
with NHL, survival outcomes reflect how successfully these two major competing risks are
therapeutically managed.

Recent analyses from the state of Georgia, focusing on a population-based sample of PLWH
diagnosed with NHL within 2004-2012, identified several factors associated with receipt of
SoC cancer treatment. This was defined as multi-agent systemic therapy (MAST), consisting
of combinations of chemotherapy and monoclonal antibody agents [7]. Predictors of receipt
of MAST included being diagnosed with advanced-stage (Ann Arbor stage 11 or IV)
disease, having private health insurance, the mode of HIV transmission involving MSM, and
— most notably — having a CD4 count = 200 cells/mm3.

Not explored in those analyses was whether receipt of SoC cancer treatment would lead to
better survival outcomes. This paper addresses that question. Returning to the core sample of
HIV-NHL patients (N=184) analyzed previously [7], we investigate the impact of MAST on
survival outcomes, including all-cause, NHL-specific, and HIV-specific across 2004-2017.

There have been surprisingly few patient-level analyses of the impact of cancer therapy on
survival for patients who are PLWH. In a Texas Cancer Registry-based analysis comparing
lung cancer survival outcomes among HIV+ and HIV- patients, Suneja et al [8] found

that receipt of cancer therapy “slightly attenuated” the negative effect of HIV on lung
cancer-specific survival; for the HIVV+ patients, data on their CD4 count or viral load around
the time of cancer treatment were not available.

Of particular relevance, Han et al. [9] used the American College of Surgeons’ National
Cancer Database (NCDB) for multivariable analyses examining all-cause survival for
lymphoma patients diagnosed during 2004-2011 who were PLWH compared with those
who were not. Given data constraints, the treatment variable essentially indicated whether
the patient received chemotherapy and, if so, within 2 weeks of cancer diagnasis. In
addition, the NCDB has no information available on CD4 count or viral load. Overall, the
multivariable Cox regression analyses found that having an HIV diagnosis was associated
with poorer survival for all lymphoma subtypes examined (including those relevant to our
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analyses below). But it was not the study’s intent to investigate the direct impact of cancer
treatment on survival for the subset of patients who were HIV+. In a separate analysis also
using the NCDB to compare HIV+ and HIV- individuals diagnosed with lymphoma over
2004-2015, Jayakrishnan et al [10] found that HIV+ patients receiving “systemic therapy”
(or else hematopoietic stem cell transplantation) had better all-cause survival than those
receiving neither.

Our survival analyses expand upon these studies by using a treatment variable (MAST)
that arguably is consistent with SoC NHL therapy for PLWH; a broader set of covariates,
including CD4 count and viral load level near the time of NHL diagnosis; and a statistical
modeling strategy acknowledging competing mortality risks.

Materials and methods

The derivation of all predictor variables has been presented in detail previously [7] and will
be described briefly below.

Data sources and linkages

Building on matching techniques employed by the National Cancer Institute’s HIV/AIDS
Cancer Match Study [11], the Georgia Department of Public Health linked data from

the Georgia Cancer Registry (GCR) and the Georgia HIVV/AIDS Surveillance Registry
(GHASR) to identify all adults (age =18) diagnosed with any cancer within 2004-2012 who
had a diagnosis of HIV and/or AIDS on record prior to or during any portion of this period.
Linkages were performed using a combination of deterministic and “fuzzy” matching [12],
including manual review when needed.

From the GCR, we derived the following sociodemographic variables: age at NHL
diagnosis, sex (male/female), race-ethnicity (Black/All Other), insurance status at NHL
diagnosis (private/government/not insured), and residential status (Metro/Urban/Rural).
NHL-related clinical and treatment variables from the GCR included: NHL subtype, as
indicated by histological classification; primary/presenting disease site (nodal/extranodal);
the presence of B symptoms (Yes/No); Ann Arbor disease stage (dichotomized as I/11

and I11/1V); year of NHL diagnosis (dichotomized as 2004-2008 and 2009-2012); whether
NHL was diagnosed or treated at a facility approved by the American College of Surgeons
Commission on Cancer (CoC); whether NHL treatment was MAST (see below); and the
patient’s survival status from date of NHL diagnosis through calendar year 2017 (see
below).

While the GHASR has no patient-level information on receipt of ART, we capitalized on
the availability of CD4 counts (cells/mm3) and viral load readings (copies/mL) on PLWH,
with most (but not all) individuals having multiple readings on each test and prior to

their NHL diagnosis. Hence, CD4 count and viral load serve as critical markers for the
patient’s HIV status. CD4 count was specified as a two-level categorical variable, with
severe immunosuppression defined as CD4 < 200 cells/mm3. Viral load was transformed
into a two-level variable, with viral load = 400 copies/mL indicating significantly active
HIV.
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From an 8-category Transmission Category variable (see [7], Table 1), we constructed a
two-category variable indicating whether HIV transmission was Male sexual contact with
other male (MSM) or MSM and injection drug use, or else by some other transmission route
that also included pathways for female infection. With 44% of study patients being in these
two MSM categories, we created the summary variable: MSM and All Other.

Finally, we linked these (linked) cancer-HIV files to the Georgia Hospital Discharge
Database (GHDD), for individuals with at least one hospitalization prior to or following
their NHL diagnosis, to construct a modified Charlson-Deyo comorbidity index score and
also obtain additional information, where needed, on the patient’s insurance status [7].

Patient HIV status

For patients with CD4 readings, the median time between the date of NHL diagnosis and the
most recent test score prior to NHL was 1.5 months, with 75% of scores within 6.5 months
of diagnosis. For viral load readings, the corresponding figures were 1.2 months and 4.8
months. Consequently, in our analyses we used the patient’s final pre-NHL CD4 and viral
load scores, and characterized them as being “near the time of cancer diagnosis.”

Non-Hodgkin lymphoma cases: inclusion/exclusion criteria

Included were all PLWH age=18 whose first primary cancer diagnosis occurred within
2004-2012 and was one of the following NHL subtypes (ICD-0O-3 histology code): DLBCL
(9680), Burkitt lymphoma (9687), plasmablastic lymphoma (9735), and peripheral T-cell
lymphoma (9702, 9714, 9827). The first 3 subtypes are regarded as AIDS-defining, while
peripheral T-cell is not [3]; but treatment for all four was chemotherapy-oriented during
2004-2012, thus aligning with MAST as SoC treatment (see below and also Table 1, note e).
Finally, none of these included NHL patients was diagnosed with a second primary cancer
across 2004-2012.

Excluded were those with a missing diagnosis date for either HIV or NHL. If the HIV
diagnosis date was after the AIDS diagnosis date, the former was set equal to the latter.

For all patients in these analyses, the resulting HIVV/AIDS diagnosis date preceded the NHL
diagnosis date.

Multi-agent systemic therapy for NHL

In line with treatment recommendations from the National Comprehensive Cancer Network
(NCCN) for NHL patients across 2004-2012 [13] and also the categorization of treatment
choices as codified in the GCR, we classified each patient as follows:

SoC: Multi-agent chemotherapy was initiated, and rituximab may also have been part of
the regimen (although such monoclonal antibody agents were not distinguished separately
in cancer registry coding during 2004-2012). Radiation therapy may also have been
administered but was regarded as neither necessary nor sufficient alone for treatment to
be SoC.
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Not-SoC: Patient received only single-agent or else no chemotherapy; or chemotherapy
was not recommended or administered because of risk factors; or chemotherapy was
recommended but refused by patient/family/guardian.

A patient’s treatment status was regarded as indeterminate, and he/she excluded from
analyses, if chemotherapy was administered but the type and number of agents were not
documented; the patient died before recommended therapy could begin; chemotherapy was
recommended but not known if administered; or it was unknown whether chemotherapy was
recommended or administered.

Assigning cause of death

From the National Death Index [14] and state vital records, the GCR provided cause-of-
death information for patients known not to have survived through 2017. We categorized
deaths as follows (ICD-10 codes): NHL-specific (C82-C85 and B21), HIV-specific (B20,
B22-B24), and all other. Thus, NHL-specific deaths included not only patients so coded
(C82-C85) but also those with HIV disease “resulting in malignant neoplasms” (B21) [14].
Importantly, this categorization recognizes that PLWH and contending with cancer may
nonetheless die from other HIV-related causes [15].

Statistical analyses

Modeling approaches.—For all-cause survival analysis, we adopt the traditional Cox
proportional hazards (PH) regression model. For disease-specific survival, we adopt two
complementary approaches:

. the cause-specific Cox model, with the hazard function for disease k (e.g., NHL)
representing the instantaneous rate of occurrence of death at time t attributable to
cause k for study-enrolled patients known to be alive at t, and

. the Fine-Gray subdistribution model [16—18], with the hazard function for
disease k (e.g., NHL) representing the rate of occurrence of death at time t
attributable to k for patients who have not yet experienced event kby t. That is,
they may be alive orhave died from a competing risk (e.g., HIV) prior to t.

The importance of recognizing that cancer and HIV are competing mortality risks has been
emphasized [20, 21]. Austin et al. [17] recommend pursuing both approaches to gain, “...a
more complete understanding not only of the effects of prognostic factors, but also of the
absolute risks of the different outcomes in the study sample” [17, p608].

Addressing “immortal person-time” bias.—The time between NHL diagnosis and
the initiation of MAST can be characterized as “immortal person-time” [22, 23]. A patient
receiving treatment must necessarily live long enough post-diagnosis for its initiation.

In response, we adopt the “landmark’” approach [24, 25], designating a time point post-
diagnosis — in our base-case analyses, 30 days — such that patients not surviving to this time
point are removed from the analyses. For all who remain, their intervention status (SoC or
Not-SoC) at the landmark defines their intervention status thereafter; those Not-SoC at the
landmark who eventually become SoC are censored at the date SoC is initiated.
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In principle, the landmark is selected so that patients have adequate opportunity to receive
the prescribed interventions. In practice here, this cannot be ensured since some (e.g.,

those who are immunocompromised) may initiate therapy beyond the selected landmark. In
response, we embrace a “conditional” landmark strategy [26], setting it alternatively at 30
days, 50 days, and 70 days post-diagnosis.

Analysis strategy

Descriptive statistics for categorical variables are reported as frequencies and percentages
(Table 1). For the all-cause survival analyses (Table 2) and our disease-specific survival
analysis — NHL (Table 3) and HIV (Table 4) — we employed univariate analyses to
identify potentially important predictors of survival, then multivariable modeling using a
parsimonious subset of predictors. The influence of each predictor is reported as a hazard
ratio (HR), with statistical significance evaluated with p = 0.05 as a benchmark. To assess
the proportional hazards (PH) assumption for multivariable models, we plotted weighted
Schoenfeld residuals as a function of log survival time, with a zero slope for a predictor
variable indicating its influence on survival did not vary significantly with time (thus
consistent with PH).

All data are de-identified, and analyses were performed in SAS 9.4 (SAS Institute, Inc.,
Cary, NC, USA). The study was approved by the Institutional Review Boards at Emory
University and the Georgia Department of Public Health.

Results

From a total of 2,486 individuals identified in the GCR-GHASR data linkage, there were
328 PLWH in Georgia with a non-Hodgkin lymphoma diagnosis meeting study inclusion/
exclusion criteria [7]. Among these, 202 (61.6%) were SoC, 99 (30.2%) were Not-SoC, and
27 (8.2%) were indeterminate.

The analytical sample for all survival analyses consisted of the 184 patients who were either
SoC or Not-SoC and had no missing values for predictor variables regarded as central to
our multivariable investigations. These predictors included CD4 count and viral load, which
were missing for 59 and 113 individuals, respectively. Among the remaining 184 patients,
119 (64.7%) were SoC, and 65 (35.3%) were Not-SoC.

Table 1 shows the distributions of variable values for these 184 in total (final column)

and for each of four subgroups of patients pertinent to the execution of our conditional
landmark survival analyses. Hence, for the base-case (30-day) landmark analyses, we
excluded patients who died prior to 30 days post NHL diagnosis; designated those who
became SoC by day 30 as “SoC”; and designated those who were Not-SoC throughout the
study period and'those who were not SoC by day 30 (but later became SoC) as “Not-SoC.”

One-third of the 184 had a NHL-specific death within 2004-2017, with another 22% dying
from a (non-NHL) HIV-specific cause, and 13% from some other cause (Table 1). Among
patients who were SoC by 30 days or else would eventually became SoC, the percent
dying from NHL was about 26% and 23%, respectively, while the percent dying from a
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(non-cancer) HIV cause was about 23% and 26%. For those Not-SoC throughout, 50% had
an NHL-specific death and 10%, an HIV-specific death.

Overall, 62.5% had a CD4 count <200 near the time of cancer diagnosis. There was an
inverse relationship between CD4<200 and subsequent receipt of SoC therapy: among
patients initiating SoC within 30 days of NHL diagnosis or initiating SoC beyond 30 days of
diagnosis, 46% and 51%, respectively, had CD4<200; but among those never receiving SoC,
83% had CD4<200.

All-cause survival

SoC therapy for NHL was strongly associated with better all-cause survival, in both
univariate (HR=0.46, p=0.002) and multivariable (HR=0.37, p<0.001) Cox regression
models (Table 2). In the multivariable model, significant predictors of all-cause survival

in addition to SoC therapy were CD4 count = 200 (HR=0.47, p=0.010); Non-DLBCL NHL
subtype (HR=2.26, p=0.006); and Ann Arbor stage I11/IV (HR=2.35, p=0.003).

NHL-specific survival

In multivariable analyses, SoC therapy was strongly related to better NHL-specific survival
in both the Cox model (HR=0.34, p=0.003) and the Fine-Gray model (HR=0.40, p=0.006)
(Table 3). HR estimates for CD4 count and Ann Arbor stage were in the expected direction
(<1 for CD4>200, and >1 for stage I11/1V) but not statistically significant in either Cox or
Fine-Gray.

HIV-specific survival

When these same three predictor variables were deployed in similarly specified Cox and
Fine-Gray multivariable models investigating HIV-specific survival, a notably different
pattern of results emerged (Table 4). Now, the hazard ratio for SoC therapy was consistently
>1 (though never significant). Having a CD4 count =200 was strongly associated with better
HIV-specific survival, with HR=0.35 (p=0.024) in the Cox model and HR=0.39 (p=0.049)
in Fine-Gray. Ann Arbor stage 111/IV was strongly associated with poorer HIV-specific
survival, with HR=4.65 (p=0.015) in Cox and HR=3.80 (p=0.020) in Fine-Gray.

Across these base-case all-cause, NHL-specific, and HIV-specific multivariable models,
we did not find significant violations of the PH assumption, based on visualizations of

the reweighted Schoenfeld residuals plotted against log survival time (plots available upon
request).

Sensitivity analyses: Re-setting the landmark time point

To examine the robustness of base-case results, we re-estimated all models in Tables 2—4
with the landmark reset to 50 days post NHL diagnosis and then to 70 days post diagnosis.
Almost without exception, the patterns of influence of predictor variables on all-cause,
NHL-specific, and HIV-specific survival were sustained in these sensitivity analyses (see
Appendix for a detailed comparison across landmark times).
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Discussion

For PLWH diagnosed with non-Hodgkin lymphoma in the state of Georgia across
2004-2012 and followed through 2017, receipt of multi-agent systemic therapy was
significantly associated with better all-cause and NHL-specific survival outcomes, compared
with cancer treatment regarded as Not-SoC. A CD4 count =200 near the time of NHL
treatment was strongly associated with better all-cause survival and better HIV-specific
survival, but was not a significant predictor of NHL-specific survival. While not surprising
findings, they have not (to our knowledge) been previously derived on the basis of patient-
level multivariable survival analyses, including any that formally recognize NHL and HIV as
competing risks.

Overall, there is a high degree of concordance in the results from the Cox and Fine-Gray
disease-specific survival models, as evidenced in Tables 3 and 4.

As detailed in the Appendix, the patterns of influence of key predictor variables on survival
are reassuringly robust to the choice of landmark here: 30 days, 50 days, or 70 days from the
patient’s NHL diagnosis date.

Defining an NHL (and HIV) cause of death

For these competing risk survival analyses, we regarded all patients whose registry-encoded
ICD-10 cause of death was B21 (“human immunodeficiency virus (HIV) resulting in
malignant neoplasms” [14]) as having died as a consequence of their non-Hodgkin
lymphoma. In sensitivity analyses, we examined the impact on NHL-specific and HIV-
specific survival results /fB21 deaths are regarded, instead, as HIV-specific.

We re-estimated the 30-day landmark multivariable disease-specific survival models
accordingly. The results (available from the authors) were generally at odds with all of

the disease-specific findings reported in Tables 3 and 4. With B21 deaths re-assigned to HIV,
recelpt of SoC therapy for NHL now appears to have a greater impact on reducing the risk
of death from HIV than from NHL. For example, in the multivariable NHL-specific Cox
model, the HR for SoC was 0.87 (p=0.820), while in the HIV-specific Cox model, the HR
for SoC was 0.39 (p=0.008). In general, there was a consistent pattern of counterintuitive
results that we believe supports the decision to regard B21 deaths as NHL-specific.

Taking stock and identifying next steps

Across all model variants, a central conclusion is that PLWH diagnosed with NHL have
significantly better all-cause and NHL-specific survival outcomes if they receive multi-agent
systemic therapy.

There is a second, and not initially anticipated, trend running through these analyses that
merits further examination: a tendency for SoC therapy to be associated with worse HIV-
specific survival, with all HR’s >1, though never significant here. How might this be?

Note in Table 4 the elevated and statistically strong HR’s associated with a stage 111/IV

NHL diagnosis. From [7], we saw that advanced-stage NHL patients were more likely to
receive MAST (HR=2.92, p=0.011). We hypothesize that this (highly-toxic) MAST could be
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wielding a dual influence — acting both to combat the NHL but also weakening the patient’s
immune system in its fight against potentially fatal HI\-related complications. Now, it might
be anticipated that NHL patients on ART would benefit sufficiently from the reconstitution
of T cells, and possibly also B cells with anti-CD20 therapy, to counter the pernicious effects
of SoC therapy. However, our data show that of the 30 patients with an HIV-related death
occurring subsequent to initiation of SoC therapy, 22 (73%) died within the first 12 months
of initiation; there was no significant difference in rates by CD4 count category: 15 of 21
(71%) for CD4<200, and 7 of 9 (78%) for CD4=200, with p=0.359. Thus, it is plausible that
most such deaths occurred before whatever HIV therapies were being received could wield
their protective effects.

This web of interrelationships — involving the patient’s HIV status, cancer stage at diagnosis,
therapy received not only for cancer but also HIV/AIDS - is scientifically interesting,
clinically important, and inherently complex. Future work should proceed on at least three
fronts:

Expanding such linked registry-based analyses to include multiple U.S. states
and cancer disease sites.—An ideal vehicle for supporting such multi-state treatment-
outcome analyses is the groundbreaking NCI-based HIV/AIDS Cancer Match Study
(NACM) [11].

Adding clinical detail to the analyses.—To accomplish this, bring together clinical
and outcomes researchers, state cancer and HIV/AIDS registries, and healthcare delivery
systems that treat a substantial number of PLWH diagnosed with cancer.

Learning from the patient, and the provider.—Extend the scope of such research
partnerships to include surveys of, and personal interviews with PLWH who have been
diagnosed with cancer, as well as their health care providers. The aim would be to identify
factors influencing decisions about diagnosis, treatment, and surveillance of the patient’s
HIV and cancer — in ways not fully captured in registries, insurance claims, or even medical
records.

This approach is consistent with the National Cancer Institute’s paradigm of “multilevel”
research [28] that examines patient-, provider-, and health system factors that influence care
delivery across the cancer continuum. For PLWH diagnosed with cancer, the journey across
that continuum is especially challenging. This is all the more reason to enhance the data
resources that can deepen our understanding of the pathways taken, or that should have
been.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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