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IMPORTANCE Immunologic decline associated with cancer treatment in people with HIV is
not well characterized. Quantifying excess mortality associated with cancer
treatment–related immunosuppression may help inform cancer treatment guidelines for
persons with HIV.

OBJECTIVE To estimate the association between cancer treatment and CD4 count and
HIV RNA level in persons with HIV and between posttreatment CD4 count and HIV RNA
trajectories and all-cause mortality.

DESIGN, SETTING, AND PARTICIPANTS This observational cohort study included 196 adults with
HIV who had an incident first cancer and available cancer treatment data while in the care of
The Johns Hopkins HIV Clinic from January 1, 1997, through March 1, 2016. The study
hypothesized that chemotherapy and/or radiotherapy in people with HIV would increase
HIV RNA levels owing to treatment tolerability issues and would be associated with a larger
initial decline in CD4 count and slower CD4 recovery compared with surgery or other
treatment. An additional hypothesis was that these CD4 count declines would be associated
with higher mortality independent of baseline CD4 count, antiretroviral therapy use, and risk
due to the underlying cancer. Data were analyzed from December 1, 2017, through April 1, 2018.

EXPOSURES Initial cancer treatment category (chemotherapy and/or radiotherapy vs surgery
or other treatment).

MAIN OUTCOMES AND MEASURES Post–cancer treatment longitudinal CD4 count, longitudinal
HIV RNA level, and all-cause mortality.

RESULTS Among the 196 participants (135 [68.9%] male; median age, 50 [interquartile range,
43-55] years), chemotherapy and/or radiotherapy decreased initial CD4 count by 203 cells/μL
(95% CI, 92-306 cells/μL) among those with a baseline CD4 count of greater than 500
cells/μL. The decline for those with a baseline CD4 count of no greater than 350 cells/μL was
45 cells/μL (interaction estimate, 158 cells/μL; 95% CI, 31-276 cells/μL). Chemotherapy
and/or radiotherapy had no detrimental association with HIV RNA levels. After initial cancer
treatment, every 100 cells/μL decrease in CD4 count resulted in a 27% increase in mortality
(hazard ratio, 1.27; 95% CI, 1.08-1.53), adjusting for HIV RNA level. No significant increase in
mortality was associated with a unit increase in log10 HIV RNA after adjusting for CD4 count
(hazard ratio, 1.24; 95% CI, 0.94-1.65).

CONCLUSIONS AND RELEVANCE In this study, chemotherapy and/or radiotherapy was
associated with significantly reduced initial CD4 count in adults with HIV compared with
surgery or other treatment. Lower CD4 count after cancer treatment was associated with an
increased hazard of mortality. Further research is necessary on the immunosuppressive
effects of cancer treatment in adults with HIV and whether health care professionals must
consider the balance of cancer treatment efficacy against the potential cost of further
immunosuppression. Monitoring of immune status may also be helpful given the decrease in
CD4 count after treatment and the already immunocompromised state of patients with HIV.
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M alignant neoplasms are a leading cause of death among
people with HIV in the era of antiretroviral therapy
(ART).1-5 Historically, there were concerns about im-

munosuppressive effects of certain cancer treatments in people
with HIV6-10 and drug-drug interactions with ART.11,12 As ART
efficacy has improved and life expectancy in people with HIV
has increased,13 the use of standard cancer treatment in this
population is becoming common in clinical practice. Prior stud-
ies have shown that people with HIV can successfully undergo
standard cancer treatments for a variety of malignant neo-
plasms, including lung cancer,14,15 anal cancer,16,17 non–
Hodgkin lymphoma,18,19 and breast cancer,20 among others.21,22

Although toxic effects of systemic cancer treatment are still pos-
sible, ART is often used during cancer treatment to avoid com-
plications associated with HIV progression.1,14,23,24 Despite these
advancements, cancer treatment recommendations specific to
people with HIV are limited.25 Questions about long-term ef-
fects and individual factors affecting cancer treatment tolerabil-
ity remain.26

A question of particular importance is the effect of differ-
ent cancer treatments on HIV RNA and CD4 levels. Both CD4
and HIV RNA are important clinical biomarkers for morbidity
and mortality in people with HIV.27,28 Use of ART may be in-
terrupted owing to tolerability issues during certain cancer
treatments, with a resulting loss of HIV RNA suppression.29

Whether owing to ART interruption or a direct effect of can-
cer treatments, a pronounced period of immunosuppression
in people with HIV has been observed after various chemo-
therapy and radiotherapy regimens.7,16,29-31 However, these de-
clines have not been consistent.18,32 It is also unclear whether
potential declines in CD4 count or increases in HIV RNA level
due to cancer treatment will increase the risk of a poor out-
come among people with HIV.29,31,33 In this study, we used a
joint longitudinal survival model to compare longitudinal
changes in CD4 count and HIV RNA level by cancer treatment
type and to quantify the association between these biomark-
ers and all-cause mortality risk after cancer treatment in a clini-
cal cohort of adults with HIV and an incident first cancer. We
hypothesized that a decline in CD4 count after cancer treat-
ment is independently associated with higher mortality.

Methods
Data Sources
We identified incident first cancer cases among enrollees in the
Johns Hopkins HIV Clinical Cohort (JHHCC) from January 1, 1997,
to September 30, 2014. This longitudinal clinical cohort of adults
with HIV has been previously described.34 The JHHCC study was
approved by the Johns Hopkins Medicine institutional review
board. All participants provided written informed consent prior
to enrollment. This study followed the Strengthening the Re-
porting of Observational Studies in Epidemiology (STROBE)
reporting guideline.

Information on cancer treatment and stage at diagnosis was
available for 296 of the 382 cases (77.5%) identified during the
study period via linkage to the Maryland Cancer Registry. Cases
without longitudinal data were excluded, yielding a final study

sample of 196 participants. Cancer type, defined using the Na-
tional Cancer Institute’s Surveillance, Epidemiology, and End
Results (SEER) Program Site Groups for Primary Site,35 and date
of diagnosis were validated via a medical record review. Stag-
ing at diagnosis followed the SEER Summary Staging 2000
guidelines.36 The Maryland Cancer Registry collected data on
the type and date of initiation of the first course of cancer treat-
ment, using the following categories: chemotherapy, radio-
therapy, surgery, hormone therapy, immunotherapy, and other.

Exposure and Outcomes
The main exposure in this study was initial cancer treatment
type. We hypothesized that chemotherapy and/or radio-
therapy might result in distinct patterns of CD4 count trajec-
tories compared with surgery alone, other treatment, or no
treatment.29,31,37,38 A complete list of the available cancer treat-
ment data are provided in eTable 1 in the Supplement. Based
on exploratory analyses, cancer treatment was categorized into
those receiving any chemotherapy and/or radiotherapy vs those
receiving surgery or other treatment. Baseline was the earli-
est date of any cancer treatment initiation or the cancer diag-
nosis date, if untreated. The outcomes of interest are longitu-
dinal CD4 count, longitudinal HIV RNA level, and all-cause
mortality. Follow-up data were available through March 1, 2016,
when individuals were administratively censored. CD4 count
and HIV RNA level were collected through routine clinical
care. All laboratory measurements drawn within the Johns
Hopkins Hospital system and at the 2 largest commercial labo-
ratories serving patients in the JHHCC were available.34 Vital
status and date of death were obtained through medical rec-
ord review and linkage to the Social Security Death Index and
National Death Index.

Covariates
Covariates were collected via a semiannual medical record
review and laboratory tests. Race/ethnicity was categorized
as non-Hispanic black or other. Calendar period, based on date
of cancer diagnosis, was categorized into 1997 to 2002, 2003
to 2008, and 2009 to 2014. Injection drug use was based on
self-reported HIV acquisition risk group. Hepatitis C virus
status was determined by a positive antibody test result while

Key Points
Question What is the association between cancer treatment and
CD4 count and HIV RNA level, and how are these markers
associated with all-cause mortality among people with HIV?

Findings In a clinical cohort study of 196 adults with HIV and
cancer, chemotherapy and/or radiotherapy resulted in a decline in
CD4 count of 203 cells/μL shortly after treatment compared with
other cancer treatments but did not increase HIV RNA level. Every
decline in CD4 count of 100 cells/μL was associated with a 27%
increase in mortality.

Meaning These results suggest that the immunosuppressive
effects of cancer treatments should be considered in the
development of cancer treatment recommendations specific to
people with HIV.
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enrolled. We used the closest measurement before cancer di-
agnosis for baseline CD4 count and HIV RNA level, measured
at a median of 33 cells/μL (interquartile range [IQR], 12-63
cells/μL) days before. Baseline CD4 count was categorized into
350 cells/μL or less, 351 cells/μL to 500 cells/μL, and greater
than 500 cells/μL (to convert CD4 count to ×109 per liter, mul-
tiply by 0.001). Individuals were considered virally sup-
pressed if baseline HIV RNA level was 400 copies/mL or
less. Other covariates included a prior AIDS diagnosis, not in-
cluding the current AIDS-related cancer diagnosis, and ART use
at baseline. To isolate mortality associated with an individu-
al’s CD4 and HIV RNA trajectories, we sought to adjust for the
effect of each individual’s cancer severity. To do this, we used
age-adjusted SEER estimates of 5-year mortality for each in-
dividual’s particular cancer type and stage.39-44

Longitudinal Models
The changes in CD4 count and HIV RNA load trajectories as-
sociated with initial cancer treatment category were exam-
ined using linear mixed-effects models.45 We chose to model
absolute CD4 count to compare with similar analyses29-31 and
because it is a clinically meaningful measurement. A log10

transformation of HIV RNA level was used. Models were se-
lected based on Akaike information criteria and an examina-
tion of the residuals.45 The candidate models included the vari-
ous hierarchical interactions among time, baseline CD4 count
or log10 HIV RNA level, and initial cancer treatment category
(listed in eTables 2 and 3 in the Supplement). The propensity
score was used in both models to account for confounding; the
score represented the conditional probability of receiving che-
motherapy and/or radiotherapy based on age, sex, race/
ethnicity, injection drug use, baseline ART, calendar period,
hepatitis C virus infection, previous AIDS diagnosis, and base-
line CD4 count and was modeled using natural cubic splines
with knots at the 20th, 40th, 60th, and 80th percentiles. Ex-
ploratory analyses supported the use of chemotherapy and/or
radiotherapy as the fixed effect at baseline given that an al-
most immediate decline in CD4 count was observed after treat-
ment initiation (eFigure 1 in the Supplement). The first mea-
sures of posttreatment CD4 count and HIV RNA level were
collected at a median of 42 cells/μL (IQR, 21-91 cells/μL) days
after the start of cancer treatment.

The final models for CD4 count and HIV RNA level in-
cluded a random intercept, random effects for the slopes, and
the following fixed effects: (1) time, modeled using natural cu-
bic splines with a knot at the 50th percentile; (2) the propen-
sity score modeled with natural cubic splines with knots at the
25th, 50th, and 75th percentiles; and (3) an indicator for che-
motherapy and/or radiotherapy. The longitudinal CD4 model
also included fixed effects for (1) categorical baseline CD4
count, (2) an interaction between baseline CD4 count and che-
motherapy and/or radiotherapy, (3) an interaction between
baseline CD4 count and time, (4) an interaction between che-
motherapy and/or radiotherapy and time, and (5) an interac-
tion among baseline CD4 count, chemotherapy and/or radio-
therapy, and time. The additional fixed effects included in the
longitudinal log10 HIV RNA model were (1) an indicator for the
unsuppressed baseline HIV RNA level, (2) an interaction be-

tween chemotherapy and/or radiotherapy and an unsup-
pressed baseline HIV RNA level, (3) an interaction between che-
motherapy and/or radiotherapy and time, and (4) an interaction
among chemotherapy and/or radiotherapy, an unsuppressed
HIV RNA level, and time.

Joint Longitudinal Survival Model
The joint longitudinal survival model simultaneously esti-
mated the CD4 and HIV RNA longitudinal processes and a pro-
portional hazards model for all-cause mortality. Joint models
are useful to address measurement error in the longitudinal
process and censoring for the longitudinal process due to a sur-
vival event.46 The expected value of the CD4 count, scaled by
100 cells/μL, and log10 HIV RNA level were incorporated as lin-
ear estimators in the survival model.47 The survival model also
included SEER-estimated 5-year mortality tercile categories,
age, race/ethnicity, sex, injection drug use, no cancer treat-
ment, no baseline ART, hepatitis C virus infection, baseline CD4
count category, calendar period, and chemotherapy and/or ra-
diotherapy to account for confounding. We used a Markov
chain Monte Carlo algorithm to estimate the parameters, where
the baseline hazard was approximated using penalized B
splines.47,48 The 95% credible intervals were calculated for each
of the parameters.47

Data were analyzed from December 1, 2017, through April
1, 2018. All analyses were performed using the JMbayes pack-
age in R, version 3.4.2 (R Project for Statistical Computing).47-50

Sensitivity Analyses
We conducted a sensitivity analysis among the subset of in-
dividuals deemed to have a good cancer prognosis, defined as
those with a baseline CD4 count of greater than 200 cells/μL
and a SEER-estimated 5-year mortality of less than 50%
(n = 101). This restriction was intended to isolate the associa-
tion between various cancer treatments on CD4 count, HIV RNA
level, and mortality among individuals for whom treatment-
related decisions are not solely dictated by poor cancer prog-
nosis or immune status. Given the limited information on can-
cer treatment type, dose, and duration, we also sought to
reduce heterogeneity by conducting a sensitivity analysis
among those with solid tumors (n = 144) and among those with
lymphoma (n = 48).

Results
The 196 participants in the study sample included 135 (68.9%)
men and 61 (31.1%) women; 151 (77.0%) were non-Hispanic
black. Median baseline CD4 count was 297 cells/μL (IQR, 164-
464 cells/μL). The median age at cancer treatment initiation
was 50 (IQR, 43-55) years. A median of 8.5 (IQR, 3.0-16.0) lon-
gitudinal measures were available per individual. The distri-
bution of baseline covariates, stratified by initial cancer treat-
ment, is presented in Table 1. Seventy-two participants (36.7%)
had no viral suppression at baseline, and 23 (11.7%) were ART
naive. A full list of the cancer types and stage distributions are
provided in eTable 4 in the Supplement. Most participants (118
[60.2%]) received chemotherapy and/or radiotherapy. There
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was a higher 5-year SEER estimated mortality risk among those
undergoing chemotherapy and/or radiotherapy compared with
those undergoing surgery or other treatment (probability dif-
ference, 0.09; 95% CI, 0.02-0.18). The overall 5-year cumula-
tive incidence of mortality was 45.1% (95% CI, 37.5%-51.7%).
The crude survival curves and numbers under follow-up for
each treatment group are available in eFigure 2 in the Supple-
ment. Exploratory analyses used to categorize initial cancer
treatment type are presented in Figure 1. Figure 1A shows that
the mean and variance of CD4 count after cancer treatment is
similar for those with chemotherapy or radiotherapy. In
Figure 1B, lowess curves of CD4 count after cancer treatment
show no difference in CD4 response at baseline CD4 count of
200 cells/μL or less and similar declines in CD4 count for those
receiving chemotherapy without radiotherapy and those re-
ceiving any radiotherapy at a baseline CD4 count of greater
than 200 cells/μL.

Longitudinal Results
Table 2 provides the results of the longitudinal CD4 sub-
model and the longitudinal log10 HIV RNA submodel. The mean
CD4 count at the initiation of surgery or other treatment among

those with a baseline CD4 count of greater than 500 cells/μL
adjusted for their conditional probability of receiving chemo-
therapy and/or radiotherapy was 691 cells/μL (95% CI, 494-
891 cells/μL). The initial decline in CD4 count associated with
chemotherapy and/or radiotherapy among those with base-
line CD4 count of greater than 500 cells/μL was 203 cells/μL
(95% CI, 92-306 cells/μL). There was a significant interaction
between the baseline CD4 count of 350 cells/μL or less and
chemotherapy and/or radiotherapy on longitudinal CD4
count, where the decline in CD4 count among those receiving
chemotherapy and/or radiotherapy vs surgery or other treat-
ment was attenuated by 158 cells/μL (95% CI, 31-276 cells/
μL), resulting in a mean decline of 45 cells/μL. Figure 2 shows
the estimated initial decline and 5-year CD4 trajectories
stratified by baseline CD4 count category and cancer treat-
ment category. For those in higher baseline CD4 count cat-
egories, the expected decline in CD4 count for the chemo-
therapy and/or radiotherapy group remained during 5 years
of follow-up. Those with a low baseline CD4 count have a
mean persistently low CD4 count regardless of cancer treat-
ment category.

The intercept of the longitudinal log10 HIV RNA sub-
model is 1.68 (95% CI, 1.20-2.19), corresponding to a mean HIV
RNA level of 48 copies/mL at the initiation of cancer treat-
ment among those who are virally suppressed at baseline and

Table 1. Baseline Characteristics of Individuals With an Incident
Diagnosis of a First Cancer in JHHCC From 1997-2014
by Initial Cancer Treatment Category

Characteristic

Treatment Groupa

Surgery or Other
(n = 78)

Chemotherapy and/or
Radiotherapy
(n = 118)

Age, median (IQR), y 51 (44-56) 49 (42-55)

Female 25 (32.1) 36 (30.5)

Non-Hispanic black 58 (74.4) 93 (78.8)

Diagnosis year

1997-2002 15 (19.2) 23 (19.5)

2003-2008 35 (44.9) 51 (43.2)

2009-2014 28 (35.9) 44 (37.3)

Hepatitis C virus infection 48 (61.5) 63 (53.4)

No ART at baseline 12 (15.4) 11 (9.3)

Prior AIDS 37 (47.4) 65 (55.1)

IDU 24 (30.8) 37 (31.4)

Baseline CD4 count

≤350 cells/μL 45 (57.7) 67 (56.8)

351-500 cells/μL 20 (25.6) 25 (21.2)

>500 cells/μL 13 (16.7) 26 (22.0)

Baseline log10 HIV RNA level

Median (IQR), copies/mL 2.0 (1.7-4.5) 2.0 (1.7-3.5)

Unsuppressedb 30 (38.5) 42 (35.6)

5-y Mortality risk, median
(IQR)c

0.24 (0.07-0.44) 0.37 (0.22-0.69)

Abbreviations: ART, antiretroviral therapy; IDU, injection drug use;
IQR, interquartile range; JHHCC, Johns Hopkins HIV Clinical Cohort.

SI conversion factor: To convert CD4 count to ×109 per liter, multiply by 0.001.
a Unless otherwise indicated, data are expressed as number (percentage)

of patients.
b Indicates HIV RNA level of greater than 400 copies/mL.
c Based on the Surveillance, Epidemiology, and End Results estimates for an

individual’s particular cancer type and stage.

Figure 1. Exploratory Analysis of Unadjusted CD4 Values
After Cancer Diagnosis Stratified by Cancer Treatment Type
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did not receive chemotherapy and/or radiotherapy, adjusted
for the propensity score. For those who were virally sup-
pressed, chemotherapy and/or radiotherapy did not change their
HIV RNA level compared with surgery or other treatment (im-
mediate change in log10 HIV RNA level, 0.24; 95% CI, −0.11 to
0.58). There was a significant interaction between having an un-
suppressed baseline HIV viral load and the receipt of chemo-
therapy and/or radiotherapy vs surgery or other treatment on
longitudinal HIV viral load (interaction estimate, 184; 95% CI,
1.45-2.26). Those who were unsuppressed had a greater than
expected decline in HIV RNA level associated with receipt of che-
motherapy and/or radiotherapy (interaction estimate, −0.53;
95% CI, −1.09 to −0.02), resulting in a decline from a mean of
3311 copies/mL to a mean 1698 copies/mL. The covariance be-
tween the random intercepts for baseline CD4 count and base-
line HIV RNA level was −0.33, and the covariance between the
random slopes of the first-time spline segments of CD4 count
and HIV RNA level was −0.55. The negative covariances indi-
cate that higher levels of HIV RNA are associated with lower CD4
counts immediately before and after cancer treatment.

Survival Results
The all-cause mortality submodel results are presented in
Table 3, including the sensitivity analyses. Among the total

population, for every 100 cells/μL decline in CD4 count at any
given time during follow-up, the hazard of mortality was in-
creased by 27% (HR, 1.27; 95% CI, 1.08-1.53) with adjusting for
confounders, including longitudinal log10 HIV RNA level and
cancer severity, as approximated by the SEER-estimated 5-year
mortality. Every unit increase in longitudinal log10 HIV RNA
level was not significantly associated with mortality (HR, 1.24;
95% CI, 0.94-1.65) after adjusting for confounders, including
longitudinal CD4 count. In the good prognosis sensitivity analy-
sis, we observed a higher increase in the hazard of mortality
associated with a 100 cells/μL decline in CD4 count (HR, 1.43;
95% CI, 1.05-2.01). In lymphoma sensitivity analysis, there was
a 110% increase in the hazard of mortality associated with a
100 cells/μL decline in longitudinal CD4 count (HR, 2.10; 95%
CI, 1.20-3.96) and no significant effect of longitudinal HIV RNA
level. There was no significant association in the solid tumor
sensitivity analysis.

Discussion
Although some prior studies have examined the effect of dif-
ferent cancer treatments on CD4 count among people with
HIV after cancer treatment,29-31 we believe our analysis was
novel in the following 2 regards: (1) we were able to more fully
characterize the expected clinical course of 2 key HIV bio-
markers—CD4 count and HIV RNA level—among persons
with HIV undergoing cancer treatment, and (2) we deter-
mined the association between these biomarker trajectories
and mortality risk using a model that simultaneously incor-
porated longitudinal CD4 count and HIV RNA level. The esti-
mated initial decline in CD4 count of 203 cells/μL after che-
motherapy and/or radiotherapy is similar to what has been

Figure 2. CD4 Count Response to Initial Cancer Treatment Category
by Baseline CD4 Category
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Table 2. Changes in Longitudinal CD4 Count and Log10 HIV RNA Level
Associated With Initial Cancer Treatment Category in the Total
Population Joint Longitudinal Survival Modela

Longitudinal Model by Covariate Estimate (95% CI)b

CD4 cells/μL

Intercept 691 (494 to 891)

Initial cancer treatment category

Surgery or other 1 [Reference]

Chemotherapy and/or radiotherapy −203 (−306 to −92)

Baseline CD4 count

≤350 cells/μL −400 (−499 to −308)

351-500 cells/μL −151 (−262 to −45)

>500 cells/μL 1 [Reference]

Chemotherapy and/or radiotherapy and baseline
CD4 interaction

× CD4 count ≤350 cells/μL 158 (31 to 276)

× CD4 351-500 cells/μL 32 (−105 to 171)

Log10 HIV RNA

Intercept 1.68 (1.20 to 2.19)

Initial cancer treatment category

Surgery or other 1 [Reference]

Chemotherapy and/or radiotherapy 0.24 (−0.11 to 0.58)

Baseline HIV RNA level, copies/mL

≤400 (suppressed) 1 [Reference]

>400 (unsuppressed) 1.84 (1.45 to 2.26)

Chemotherapy and/or radiotherapy and
unsuppressed HIV RNA interaction

−0.53 (−1.09 to −0.02)

Abbreviation: CI, credible interval.

SI conversion factor: To convert CD4 count to ×109 per liter, multiply by 0.001.
a Results exclude time splines, interactions with time splines, and propensity

score results for brevity.
b Calculated using Markov chain Monte Carlo methods.
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previously observed.38,51-58 However, we also found that CD4
count decline after chemotherapy and/or radiotherapy was
attenuated for those with a low pretreatment CD4 count.
Intuitively, a very low CD4 count can only decline by a cer-
tain amount. At baseline, 36.7% of individuals were virally
unsuppressed and 11.7% were ART naive, yet we found no
increase in HIV RNA level associated with chemotherapy
and/or radiotherapy. Conversely, for those who were virally
unsuppressed before cancer treatment, HIV RNA level
declined more among those who underwent chemotherapy
and/or radiotherapy than among those who underwent sur-
gery or other treatment. This finding suggests that perhaps
the monitoring and engagement in health care associated
with ongoing chemotherapy and/or radiotherapy may
improve ART uptake or ART adherence and rejects the con-
cern that more intensive cancer treatment regimens may
negatively affect ART adherence.23,59-61

We believe the association between lower CD4 count af-
ter cancer treatment and higher mortality supports the hy-
pothesis that immune status in persons with HIV can influ-
ence mortality after cancer diagnosis. Previous analyses have
not incorporated CD4 count measurements, particularly time-
varying CD4 counts, as a test of this hypothesis.33 Therefore,

this analysis explicitly ties together changes in longitudinal CD4
count due to cancer treatment and the subsequent associa-
tion with mortality. Our study did not assess the cause of death,
and death among persons with HIV after cancer diagnosis may
be due to noncancer causes. Insights into the specific drivers
of morbidity and mortality in persons with HIV and cancer (ie,
AIDS events or non-AIDS events) can better inform clinical care
for these patients. Regardless, immunosuppression appears to
drive poor outcomes after cancer diagnosis in persons with HIV.
The study results are likely generalizable to adults enrolled in
HIV clinical care in the ART era.

Strengths and Limitations
Our study had several strengths, including the detailed
demographic and clinical information available for a popu-
lation of individuals with HIV and cancer. We had compre-
hensive longitudinal laboratory measures for our cohort. We
were able to incorporate multiple complex processes,
including CD4 and HIV RNA responses, into our analysis via
the use of joint longitudinal survival models, addressing
questions relevant for clinical care of persons with HIV who
are diagnosed with cancer for which current guidelines are
insufficient.62

Table 3. Survival Submodels of the Joint Longitudinal Survival Models for the Total Population, Good Prognosis Population,
and Solid Tumor Populationa

Covariate

Population, HR (95% CI)

Totalb Good Prognosis Solid Tumor Lymphoma
5-y SEER mortality riskc

Low 1 [Reference] 1 [Reference] 1 [Reference] 1 [Reference]

Moderate 1.90 (1.07-3.35) 4.00 (1.10-14.9) 2.15 (1.09-4.23) 1.43 (0.05-28.4)

High 6.03 (3.35-11.5) 2.82 (1.04-7.91) 6.54 (3.33-13.5) NA

Baseline CD4 cell count categoryd

Lowest 1.19 (0.57-2.45) 4.21 (1.00-19.6) 1.18 (0.54-2.49) 1.61 (0.13-19.3)

Middle 1.29 (0.61-2.80) 4.11 (1.04-17.9) 1.22 (0.56-2.72) 0.40 (0.05-3.45)

Highest 1 [Reference] 1 [Reference] 1 [Reference] 1 [Reference]

Initial cancer treatment category

Surgery or other 1 [Reference] 1 [Reference] 1 [Reference] 1 [Reference]

Chemotherapy and/or radiotherapy 1.81 (1.10-3.28) 0.70 (0.28-1.84) 2.04 (1.10-3.91) 0.07 (0.02-0.33)

Calendar period

1997-2002 1 [Reference] 1 [Reference] 1 [Reference] 1 [Reference]

2003-2008 1.15 (0.62-2.02) 0.96 (0.31-3.35) 1.18 (0.60-2.37) 0.86 (0.18-4.27)

2009-2014 0.74 (0.36-1.54) 0.53 (0.10-2.69) 0.65 (0.27-1.47) 1.80 (0.23-12.5)

Longitudinal CD4 count declinee 1.27 (1.08-1.53) 1.43 (1.05-2.01) 1.17 (0.98-1.46) 2.10 (1.20-3.96)

Longitudinal HIV RNA level increasef 1.24 (0.94-1.65) 1.10 (0.61-1.96) 1.32 (0.94-1.83) 0.95 (0.48-1.80)

Abbreviations: ART, antiretroviral therapy; CI, credible interval; HR, hazard ratio;
IDU, injection drug use; NA, not applicable; SEER, Surveillance, Epidemiology,
and End Results.
a Models adjusted for listed covariates and age, sex, race/ethnicity, IDU, baseline

ART use, baseline hepatitis C, and use of no initial cancer treatment.
Lymphoma model also adjusted for AIDS vs non-AIDS defining lymphoma.

b Calculated using Markov chain Monte Carlo methods.
c Based on SEER estimates for an individual’s particular cancer type and stage. For

total population and those with solid tumor, low risk indicates 0.0 to 0.323;
moderate risk, 0.324 to 0.648; and high risk, 0.649 to 0.973. For the population
with good prognosis, low risk indicates 0.0 to 0.147 (reference category);
moderate risk, 0.148 to 0.296; and high risk, 0.297 to 0.444. For the population
with lymphoma, low risk indicates 0.0-0.236; moderate risk, 0.237 to 0.394.

d For total population and those with good prognosis and solid tumor
populations, lowest category baseline CD4 counts are 350/μL or less; middle
category, 351/μL to 500/μL; and highest category, greater than 500/μL. For
the lymphoma population, lowest category baseline CD4 counts are 200/μL
or less; middle category, 201/μL to 350/μL; and highest category, greater than
350/μL (to convert CD4 count to ×109 per liter, multiply by 0.001).

e Longitudinal decline in CD4 count is incorporated as a linear estimator from
the longitudinal model and is scaled by 100/μL (ie, HR reflects a 100/μL
decrease in estimated CD4 count).

f Longitudinal log10 HIV RNA level is incorporated as a linear estimator from the
longitudinal model and is scaled by log10 (ie, HR reflects a 1-U increase in the
log10 estimated HIV RNA level).
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This study was not without its limitations. As with many
previous studies on cancer among persons with HIV, there is
a trade-off between obtaining more granular data and sample
size. We were limited to broad initial cancer treatment cat-
egories among a population of persons with HIV who were
diagnosed with various cancers at various stages. Therefore,
we must assume that the cancer treatment categorization
will result in similar immune effects for these individuals,
and individuals in both treatment categories may have
received subsequent treatment. As a result, heterogeneity in
cancer treatments likely increased the variance in the longi-
tudinal CD4 count trajectories. However, by restricting to the
initial treatment, we are essentially using an intention-to-
treat strategy. A proper per-protocol analysis would therefore
result in a larger association. We also had to assume that our
SEER-estimated 5-year mortality adequately accounted for a
patient’s cancer severity to isolate the independent associa-
tion between CD4 count and mortality. Those classified in the
surgery or other treatment group may have had earlier-stage
cancer at diagnosis, and thus residual confounding in the all-
cause mortality analysis is possible. Another limitation was
the lack of data on cancer response to the initial treatment
regimen, which would be associated with subsequent mor-
tality and receipt of additional treatment. Given the use of
the SEER-estimated mortality and the lack of cancer response
data, residual confounding is possible in the association

between longitudinal CD4 count and mortality. We also con-
ducted sensitivity analyses in subsets of the study population
to address these limitations. Restricting to those expected to
survive their cancer and those with lymphoma appeared to
strengthen the association between longitudinal CD4 count
and all-cause mortality; restricting to solid tumors yielded
similar HRs to the total population but lost significance.

Conclusions
The results of this cohort study suggest that maintaining a
high CD4 count after cancer diagnosis has clinically mean-
ingful implications for survival. The results also suggest that
CD4 count declines associated with cancer treatment are
concerning for persons with HIV and establishes that immu-
nosuppression in persons with HIV driven by cancer treat-
ment rather than the HIV disease process can still result in
an increased risk of mortality. Further consideration of the
immunosuppressive effects of cancer treatment in persons
with HIV appears to be needed. For example, we think a
comparison of these outcomes among persons with HIV
with locoregional solid tumors undergoing surgery alone or
surgery and adjuvant chemotherapy and/or radiotherapy
would be a reasonable clinical scenario in which to further
explore these results.
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