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To the Editor,

The life expectancy of people living with sickle cell disease
(SCD) has significantly improved in industrialized countries
[1, 2]. Conditions that are traditionally diagnosed in an older
population, including malignancies, could become more prev-
alent in this population [3]. Clonal hematopoiesis, a condition
that predisposes to hematologic malignancy, has been found to
occur at a younger age in SCD than in the general population
[4]. As curative therapies involving chemotherapy are being
approved worldwide, it becomes paramount to understand the
baseline risk of cancer in adults with SCD [5, 6].

In the largest study to date on this topic, we leveraged New York
Statewide Planning and Research Cooperative System (SPARCS)
data to advance knowledge about cancer risk in SCD. New York
State is home to approximately 10% of all individuals living with
SCD in the United States. SPARCS is a complete dataset, includ-
ing inpatient and ambulatory encounters for all individuals in
New York State, and the data allow for longitudinal analyses at
the level of the individual. Drawing from more than 20000 in-
dividuals with SCD and 20 million individuals without SCD, we
examined whether the incidence of various malignancy types
was increased for patients with SCD in comparison to the gen-
eral population, and in comparison to a population of patients
with chronic disease.

We identified adults living with SCD living in New York State
between 2008 and 2019 using the SPARCS program [7]. We used
a validated algorithm based on International Classification of
Diseases, Ninth Revision (ICD-9) codes or their Tenth Revision

(ICD-10) equivalent to identify patients with a diagnosis of
SCD [8].

To examine incident cancers, we excluded patients who had a
diagnosis of cancer present on their first inpatient or outpatient
claim in SPARCS, as well as patients who had diagnosis codes
indicating “personal history” of a given cancer, or cancer that
was “in remission” or “in relapse” (for full list of diagnosis codes,
see supplemental methods, Table S7). We identified incident
cancers using ICD-9 and ICD-10 codes; codes for cancers that
were benign or in situ, or codes that indicated a prior history
of cancer were not counted as an incident cancer. As outpatient
claims (which are comprised of ambulatory, emergency or out-
patient clinic visits) often contain less information on diagnoses,
a patient was counted as having an incident cancer if the diag-
nosis was present on either one inpatient claim or two outpatient
claims.

Statistical analyses: For each patient with SCD, we identified
10 patients without SCD using exact matching for the follow-
ing variables: first claim arises from the same quarter of a given
year, age, sex, race, ethnicity, and rural/urban residence, based
on four-level rural urban commuting area codes [9]. The inci-
dence of cancer for patients with SCD compared to the reference
population was calculated using standardized incidence ratios
(SIR) using indirect standardization, given that we expected the
number of incident cancers to potentially be small. Time at risk
for each patient was defined as the time from their first claim
to either the time of their first cancer claim or their last avail-
able claim. We calculated the SIR for all types of cancer, and
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TABLE1 | Characteristics of individuals with sickle cell disease and general reference population.
SCD (%) General reference population (%)
Total 20068 200680
Age, N (%)
18-24 5394 (26.9%) 53940 (26.9%)
25-29 3592 17.9%) 35920 17.9%)
30-39 4991 (24.9%) 49910 (24.9%)
40-49 3041 (15.2%) 30410 (15.2%)
50-59 1652 (8.2%) 16520 (8.2%)
60 and older 1398 (7.0%) 13980 (7.0%)
Sex, N (%)
Female 12593 (62.8%) 125930 (62.8%)
Male 7475 (37.3%) 74750 (37.3%)
Ethnicity, N (%)
Hispanic 1749 (8.7%) 17490 (8.7%)
Non-Hispanic 17511 (87.3%) 175110 (87.3%)
Unknown ethnicity 808 (4.0%) 8080 (4.0%)
Race, N (%)
White 1396 (7.0%) 13960 (7.0%)
Black or African American 15072 (75.1%) 150720 (75.1%)
Other race 3521 (17.6%) 35210 (17.6%)
Unknown race 79 (0.4%) 790 (0.4%)
Urbanicity, N (%)
Metropolitan 19894 (99.1%) 198940 (99.1%)
Micropolitan 110 (0.6%) 1100 (0.6%)
Small town 29 (0.1%) 290 0.1%)
Rural area 18 (0.1%) 180 (0.1%)
Not coded 17 (0.1%) 170 (0.1%)
Number of Elixhauser comorbidities, N (%)
0 13727 (68.4%) 164157 (81.8%)
1-3 5670 (28.3%) 33877 (16.9%)
4 671 (3.3%) 2646 (1.3%)
Follow up time (day), Median (IQR) 1625 (154-3352) 1112 (2-3050)

separately for hematologic cancers, for the overall cohort, and
stratified by age groups and sex. We conducted sensitivity analy-
ses where we additionally matched on insurance and quintile of
median income by zip code.

Because patients with SCD have a chronic illness and therefore
may be subject to surveillance bias, we also created a second
reference population of patients with hypertension or diabetes
mellitus. For this chronic illness reference population, patients
without SCD were identified as having a diagnosis of hyper-
tension or diabetes on their first claim using ICD-9 and ICD-10

codes from the Elixhauser comorbidity algorithm [10]. Patients
with SCD were matched to those without SCD in a 1:1 ratio,
using exact matching on the same variables for the general ref-
erence population. SIRs were again calculated for any type of
cancer and for hematologic cancer for the overall cohort, and for
age and sex-specific strata.

Overall incidence of cancer in the SCD population: Between
2009 and 2018, 20553 patients with SCD in New York were
cancer-free at first admission and after a 1 year—washout pe-
riod. The SCD group was followed up for a mean observation
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Age category Sex Oberserved Expected SIR (95% CI)
Total 884 591.31 1.49 (1.40-1.59) S
All SCD Male 395 242.44 1.63 (1.47-1.79) : -
Female 489 369.64 1.32 (1.21-1.44) 0
Total 57 2266 2.52 (1.86-3.17) b ——
18-24 Male 29 8.63 3.36 (2.14-4.58) | —_——
Female 28 14.07 1.99 (1.25-2.73) g
Total 44 21.09 2.09 (1.47-2.70) : S
25-29 Male 14 6.10 2.29 (1.09-3.50) e
Female 30 1495 2.01 (1.29-2.72) jj=—=—
Total 105 64.16 1.64 (1.32-1.95) : =
30-39 Male 47 17.98 2.61 (1.87-3.36) o ST
Female 58 46.01 1.26 (0.94-1.59) T"
Total 163 121.11 1.35 (1.14-1.55) lgs
40-49 Male 59 35.71 1.65 (1.23-2.07) b
Female 104 86.25 1.21 (0.97-1.44) t"’
Total il 14555 1.22 (1.04-1.40) [V
50-59 Male 85 70.69 1.2 (0.95-1.46) to-
Female 92 75.82 1.21 (0.97-1.46) L
Total 338 216.36 1.56 (1.40-1.73) : 2
60 and older Male 161 89.89 1.79 (1.51-2.07) | =
Female 177 125.20 1.41 (1.21-1.62) =
T
1

FIGURE1 |

sickle cell disease compared to the general reference population.

0
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Standardized Incidence Ratio (95% CI)
Sex -#-Total-¢-Male-#-Female

Cancer incidence for SCD versus general population. SIRs and 95% confidence intervals (CIs) of cancer occurring in individuals with

Age category Sex Oberserved Expected SIR (95% CI)
Total 288 103.46 2.78 (2.46-3.11) ! s
All SCD Male 134 47.82 2.8 (2.33-3.28) : —
Female 154 58.07 2.65 (2.23-3.07) I =
Total 27 7.90 3.42 (2.13-471) | —_—
18-24 Male 16 426 3.76 (1.92-5.60) I —
Female 11 3.76 2.92 (1.20-4.65) pr—y—
Total 20 4.99 4.01 (2.25-5.77) : —_—
25-29 Male 10 227 4.4 (1.67-7.13) | —————
Female 10 2.74 3.64 (1.39-5.90) | o =
Total 41 13.97 2.93 (2.04-3.83) : ———
30-39 Male 27 573 4.71 (2.93-6.49) | —_
Female 14 8.28 1.69 (0.80-2.58) TR
Total 46 15.70 2.93 (2.08-3.78) | S
40-49 Male 21 721 291 (1.67-4.16) D —
Female 25 8.29 3.02 (1.83-4.20) : ——
Total 47 19.16 245 (1.75-3.15) ——
50-59 Male 17 9.25 1.84 (0.96-2.71) ——
Female 30 10.04 2.99 (1.92-4.06) e
Total 107 41.57 2.57 (2.09-3.06) : ——
60 and older Male 43 17.72 243 (1.70-3.15) P ———
Female 64 23.90 2.68 (2.02-3.33) | T
0 1 2 3 4 5
Standardized Incidence Ratio (95% CI)
Sex -#-Total-¢-Male-#-Female

FIGURE 2 |

cancer occurring in individuals with sickle cell disease compared to the general reference population.

Incidence of hematologic malignancy for SCD versus general population. SIRs and 95% confidence intervals (CIs) of hematologic
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period of 4.88 person-years (time at risk of cancer), which
represents 100181 person-years of observation. A total of
900 (4.4%) individuals with SCD were diagnosed with cancer
during that time, for an incidence of 898 cases/100000 person-
years. Of those, 294 (32.7%) were diagnosed with the follow-
ing hematologic malignancies: lymphoproliferative disorders
(n=95, 32.3%), myelodysplastic syndrome (n=70, 23.8%),
plasma cell disorders (n=57, 19.4%), chronic myeloid neo-
plasms (n =37, 12.6%), acute myeloid leukemia (n=15, 5.1%),
and others (n =20, 6.8%).

Comparison with general reference population: Including adults
without SCD who were cancer-free at first admission, 22576 351
potential matches were identified. We matched 98% of the SCD
cohort, resulting in 20068 patients with SCD and 200680 ref-
erence patients (Table 1). In this matched cohort, the median
age was 31years (interquartile range, IQR 21-43), 62.8% were fe-
male, and the vast majority lived in a metropolitan area (99.1%).
The median time of follow-up for the SCD and the general ref-
erence population was 1625days (IQR 154-3352) and 1112days
(IQR 2-3050), respectively.

The SIR for all cancers was 1.49 (95% CI: 1.40-1.59), suggest-
ing a higher incidence of neoplasms in the SCD population. The
greatest increase in risk was seen in younger groups (SIR 2.52
[2.86-3.17] for 18-24years; SIR 2.09 [1.47-2.70] for 25-29 years),
but the risk remained elevated throughout all age groups (SIR
1.56 [1.40-1.73] for 60 and older) (Figure 1, Table S1). In ex-
amining the risk of hematologic cancers, the SIR was further
increased (SIR 2.78 [2.46-3.11]). Again, risk was highest for
younger groups (SIR 3.42 [2.13-4.71] for 18-24years; SIR 4.01
[2.25-5.77] for 25-29years), but was still elevated across all
age groups (SIR 2.57 [2.09-3.06] for 60 and older) (Figure 2,
Table S2). Sensitivity analyses where patients were also matched
on insurance and income were similar to the primary analysis
(Tables S3 and S4).

Comparison with chronic disease reference population: Using the
chronic disease reference population, we were able to match
93% of patients with SCD, resulting in 19175 individuals with
SCD and 19175 reference patients with either hypertension or
diabetes. Demographics did not differ substantially from the
cohort using the general reference population. The median age
was 32years (IQR 25-43), 62.1% were female and again, a vast
majority were from a metropolitan area (99.0%). The median
time of follow-up for the SCD and the chronic disease reference
population was 1643days (IQR 164-3351) and 1382days (IQR
19-3225), respectively.

Patients with SCD still had a higher incidence of overall cancers
(SIR 1.23 [1.15-1.31]) and a higher risk of hematologic cancers
(SIR 1.95 [1.72-2.17]), but in contrast to the SIRs using the gen-
eral reference population, the greatest increase in risk was seen
in older patients (SIR 1.46 [1.31-1.62] for overall cancers, 60 and
older; SIR 2.55 [2.07-3.03] for hematologic cancers, 60 and older)
(Figures S1 and S2, Tables S1 and S6).

Anecdotal, observational, and mechanistic data have raised con-
cern that individuals with SCD are at increased risk of malig-
nancy. With the advent of myeloablative curative SCD therapies,
it is important to accurately quantify this risk. The current study

represents, to our knowledge, the largest case—control study on
this topic and adds to our knowledge by separately assessing he-
matologic and solid malignancy risk in comparison to both the
general population and chronic disease controls.

In an administrative analysis of California data including 6423
individuals with SCD, Brunson et al. found elevations in the risk
of hematological malignancy versus the general population sim-
ilar to the current study [11]. The finding in two large cohorts,
that young adults with SCD experience dramatically higher rates
of hematologic malignancy than healthy and diseased controls
is concerning. We postulate that primary drivers of this find-
ing are chronic stress erythropoiesis and inflammation. In SCD,
repeated membrane damage causes hemolytic anemia, which
stimulates erythropoiesis. Chronic stress erythropoiesis can
lead to increased proliferation of immature cell populations and
likely predisposes to myeloproliferative malignancy [12]. SCD is
also known to be a chronic inflammatory condition. Hemolysis
releases free hemoglobin into the blood which activates toll-like
receptor, monocyte scavenging and other inflammatory path-
ways. Individuals with SCD are known to have elevations in a
number of inflammatory cell populations (activated monocytes,
aged neutrophils) and cytokines (interferons, interleukins and
cell adhesion molecules) [13-15]. This chronic inflammatory
state is associated with the development of clonal hematopoiesis,
which further raises inflammation and likely plays a causal role
in the eventual transformation to hematologic malignancy [16].

In conclusion, the current study demonstrated that individuals
with SCD are at substantially increased risk for hematological
malignancy, and that this risk may be further increased in New
York compared to other locations. Further research is needed to
understand modifiable causes of this finding and to quantify indi-
vidual risk so that personalized treatment decisions can be made.
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Supporting Information

Additional supporting information can be found online in the
Supporting Information section. Figure S1: Cancer incidence for sickle
cell disease (SCD) vs. chronic disease reference population. SIRs and

95% confidence intervals (CIs) of all cancers occurring in individu-
als with SCD compared to individuals with diabetes or hypertension.
Figure S2: Incidence of hematologic malignancy for sickle cell disease
(SCD)vs. chronic disease reference population. SIRs and 95% confidence
intervals (CIs) of hematologic cancer occurring in individuals with SCD
compared individuals with diabetes or hypertension. Table S1: SIRs
and 95% confidence intervals (CIs) of cancer occurring in individuals
with sickle cell disease compared to the general reference population.
Table S2: SIRs and 95% confidence intervals (CIs) of hematologic cancer
occurring in individuals with sickle cell disease compared to the gen-
eral reference population. Table S3: Sensitivity analyses (SIRs and 95%
confidence intervals (CIs) of cancer occurring in individuals with sickle
cell disease compared to the general reference population) with match-
ing on additional variables: insurance status, and insurance status +
quintile of median income by zip code. Table S4: Sensitivity analyses
(SIRs and 95% confidence intervals (CIs) of hematologic malignancy oc-
curring in individuals with sickle cell disease compared to the general
reference population) with matching on additional variables: insurance
status, and insurance status + quintile of median income by zip code.
Table S5: SIRs and 95% confidence intervals (CIs) of cancer occurring
in individuals with sickle cell disease compared to the chronic disease
reference population. Table S6: SIRs and 95% confidence intervals (CIs)
of hematologic cancer occurring in individuals with sickle cell disease
compared to the chronic disease reference population. Table S7: ICD
codes.
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