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Simple Summary: Leukemia history affects some radical prostatectomy (RP) patients. While its
prevalence and impact as an adverse risk factor are well-known in cardiac surgery, the number of RP
patients with a leukemia history and their rate of adverse in-hospital outcomes are unknown. We
identified RP patients with a leukemia history in a large-scale database. Patients with a leukemia
history had higher rates of acute kidney injury, more frequent dialysis, and extended hospital stays
compared to those without a leukemia history.

Abstract: Introduction: Leukemia history affects some radical prostatectomy (RP) patients. Although
its prevalence and effect as an adverse risk factor are well known in cardiac surgery, the number of RP
patients with a leukemia history, as well as their rate of adverse in-hospital outcomes, are unknown.
Methods: We identified RP patients (National Inpatient Sample 2000–2019), stratified according to
the presence or absence of a leukemia history. Descriptive analyses, propensity score matching (PSM,
ratio 1:10), and multivariable logistic regression models were used. Results: Of 259,939 RP patients,
416 (0.2%) had a leukemia history. Their proportion increased from 0.1 to 0.2% covering the study
span (p < 0.01). Leukemia history patients were older (median age, 64 vs. 62 years, p < 0.001). After
PSM for age, insurance status, ethnicity, pelvic lymph node dissection, and Charlson Comorbidity
Index, leukemia history RP patients exhibited higher rates of acute kidney injury (<2.6 vs. 0.9%; Odds
Ratio [OR] 2.0, p = 0.02), more frequently underwent dialysis (3.6 vs. 1.9%; OR 1.9, p = 0.03), and more
frequently had a length of stay exceeding one week (4.8 vs. 2.5%; OR 2.0, p = 0.006). Conclusions:
Although leukemia history RP patients are rare, their numbers have increased. Renal complications
and extended hospital stays are more frequent in those individuals.
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1. Introduction

Radical prostatectomy (RP) patients occasionally harbor a history of a previous ma-
lignancy. Of those, some may represent solid cancers and others may be hematological
cancers, of which the most frequent is leukemia. Prostate cancer (PCa) is the second most
frequent secondary malignancy in leukemia patients after skin cancer [1–3]. However, it
is unclear how many RP patients actually exhibit a history of leukemia, although several
case reports and case series from renowned investigators like Jonathan I. Epstein, Patrick C.
Walsh, and Martha K. Terris previously addressed this topic [4–11]. The majority of these
studies focused on pathological findings originating from pelvic lymph node dissection
specimens, where evidence of leukemia was identified in the form of lymph node invasion
(LNI). Indeed, LNI from leukemia or PCa, as well leukemia history itself, may predispose
patients to higher rates of adverse in-hospital outcomes after RP. Indeed, leukemia history
patients exhibited less favorable in-hospital outcomes after several other surgical proce-
dures, and especially after cardiac surgery, that included higher rates of complications,
such as blood transfusions or renal failure [12–26]. Despite the richness of information
from other surgery types, the prevalence of leukemia history in RP patients as well as its
association to higher rates of adverse in-hospital outcomes are unknown.

We addressed both knowledge gaps using a contemporary, large-scale population-
based cohort of patients undergoing RP within the National Inpatient Sample (NIS) from
2000 to 2019.

2. Materials and Methods
2.1. Data Source

To test for adverse in-hospital outcomes after RP, we relied on discharge data from
the NIS (2000–2019). The longitudinal NIS databases are included in the Healthcare Cost
and Utilization Project (HCUP) and formed by the Agency for Healthcare Research and
Quality (AHRQ) within a Federal-State partnership [27]. The International Classification of
Disease (ICD) 9th revision Clinical Modification (ICD-9-CM), ICD 10th revision Clinical
Modification (ICD-10-CM), and the ICD 10th revision Procedure Coding System (ICD-10-
PCS) were used for coding diseases and procedures.

2.2. Study Population

We focused on patients aged ≥ 18 years with a primary diagnosis of PCa (ICD-9-CM
codes 185, 233.4, 236.5, and V10.46; ICD-10-CM codes C61, D07.5, D40.0, and Z85.46). Only
patients treated with RP were included according to the previously reported methodol-
ogy [28]. Patients were stratified according to diagnostic codes indicative of leukemia
history: lymphoid leukemia (ICD-10-CM code C91; ICD-9-CM code 204), myeloid leukemia
(ICD-10-CM code C92; ICD-9-CM code 205), monocytic leukemia (ICD-10-CM code C93;
ICD-9-CM code 206), other/unspecified leukemias (ICD-10-CM codes C94 and C95; ICD-9-
CM code 207 and 208).

2.3. Outcomes of Interest

The study endpoints consisted of adverse in-hospital outcomes, defined as intraop-
erative and postoperative complications (overall, cardiac, renal, genitourinary, vascular,
infections, and bleeding), rates of transfusions, critical care therapy (CCT) use, dialysis, long
length of stay (>1 week), and in-hospital mortality, identified by ICD-9 and ICD-10 codes
according to previously established methodology [29,30]. Procedures like CCT use and
dialysis were not included in the definition of overall complications. The Deyo modification
of the Charlson Comorbidity Index (CCI) was used to account for comorbidities [31]. We
relied on coding algorithms for defining comorbidities using ICD-9-CM and ICD-10-CM



Cancers 2024, 16, 2764 3 of 9

codes by Quan et al. [32]. Covariates consisted of patient characteristics including age at
admission (years, continuously coded), insurance status (“Medicaid/Medicare”, “Other”,
or “Private”), ethnicity (“Caucasian” vs. “Others”), CCI (0 vs. 1 vs. ≥2), and pelvic lymph
node dissection at RP (yes vs. no). In leukemia history patients, two points were subtracted
from the CCI to compare additional comorbidities besides their hematological condition.
Teaching hospital status (“Teaching” vs. “Non-teaching”) was also assessed.

2.4. Statistical Analyses

First, patient characteristics, complications, transfusion rates, CCT use, length of stay,
and mortality were tabulated. Medians and interquartile ranges (IQR) were recorded for
continuously coded variables. Frequencies and proportions were recorded for categorical
variables. Wilcoxon rank sum and Pearson Chi-square tests were applied to test for
differences between patients with or without a history of leukemia. Second, the estimated
annual percentage changes (EAPC) for the percentage of RP patients with a history of
leukemia were calculated using least-squares linear regression. Third, propensity score
matching (PSM, ratio 1:10) according to the nearest neighbor was performed for age at
admission, insurance status, ethnicity, pelvic lymph node dissection at RP, and CCI between
RP patients with history of leukemia and RP patients without history of leukemia to
maximally reduce the effect of bias and confounding. Fourth, univariable and multivariable
logistic regression models addressing adverse in-hospital outcomes were fitted.

Analyses and reporting followed NIS reporting guidelines [27]. The counts and
associated proportions were censored for samples <11. R software environment was
used for statistical computing and graphics (R version 4.2.2; R Foundation for Statistical
Computing, Vienna, Austria) [33]. All tests were two-sided with a significance level of
p < 0.05.

3. Results
3.1. Characteristics of the Study Population

We identified 259,939 patients who underwent RP between 2000 and 2019. Of these,
416 (0.2%) had a leukemia history (Table 1). From 2000 to 2019, the proportion of patients
with a history of leukemia prior to RP increased from 0.1 to 0.2% (EAPC: +3.6%, 95%
confidence interval (CI): +1.7 to +5.6%; p < 0.01; Figure 1).

Table 1. Descriptive characteristics of prostate cancer patients undergoing radical prostatectomy,
stratified according to the presence or absence of leukemia history, prior and after propensity score
matching (PSM) 1:10.

Prior PSM After PSM 1:10

Characteristic
With Leukemia

History
n = 416 (0.2%)

Without Leukemia
History

n = 259,523 (99.8%)
p-Value 1

With Leukemia
History

n = 416 (9.1%)

Without Leukemia
History

n = 4160 (98.9%)
p-Value 1

Age at admission,
median (IQR) in years 64 (60, 69) 62 (57, 67) <0.001 64 (60, 69) 64 (60, 69) 1

Insurance, n (%) Medicaid/
Medicare 187 (45.0%) 91,057 (35.1%) <0.001 187 (45.0%) 1887 (45.4%) 1

Other 16 (3.8%) 11,142 (4.3%) 16 (3.8%) 153 (3.7%)
Private 213 (51.2%) 15,7328 (60.6%) 213 (51.2%) 2120 (51.0%)

Ethnicity, n (%) Caucasian 302 (72.6%) 164,844 (63.5%) <0.001 302 (72.6%) 3027 (72.8%) 1
Others 114 (27.4%) 94,683 (36.5%) 114 (27.4%) 1133 (27.2%)

PLND at RP, n (%) 161 (38.7%) 86,294 (33.3%) 0.02 161 (38.7%) 1604 (38.6%) 1

Charlson Comorbidity Index † , n (%) 0.9 1
0 297 (71.4%) 187,070 (72.1%) 297 (71.4%) 2939 (70.6%)
1 79 (19.0%) 47,000 (18.1%) 79 (19.0%) 813 (19.5%)
≥2 40 (9.6%) 25,457 (9.8%) 40 (9.6%) 408 (9.8%)

Teaching hospital, n (%) 298 (71.6%) 172,015 (66.3%) 0.04 298 (71.6%) 2984 (71.7%) 1

1 Wilcoxon rank sum test, Pearson’s Chi-square test. Abbreviations: IQR = Interquartile range, PSM = propensity
score matching, RP = radical prostatectomy, PLND = pelvic lymph node dissection. † In patients with a history of
leukemia, 2 points were removed to compare the additional comorbidity besides their hematological condition.
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Figure 1. Proportion of prostate cancer patients undergoing radical prostatectomy with the presence
of leukemia over time within the National Inpatient Sample (NIS) from 2000 to 2019. The red line
represents the estimated annual percentage change from 2000 to 2019.

Patients with a history of leukemia were older (median 64 vs. 62 years, p < 0.001) and
more frequently Caucasian (72.6 vs. 63.5%, p < 0.001). At RP, leukemia history patients were
more frequently treated with concomitant pelvic lymph node dissection (38.7 vs. 33.3%,
p = 0.02) and more frequently treated at teaching hospitals (71.6 vs. 66.3%, p = 0.02). No
differences in rates were recorded according to CCI between patients with a history of
leukemia and those without.

Relying on 1:10 propensity score matching for age, insurance status, ethnicity, pelvic
lymph node dissection, and Charlson Comorbidity Index, of 259,939 RP patients, 416 of 416
(100%) leukemia history patients and 4160 of 259,523 (1.6%) patients without a leukemia
history were included in further analyses. After propensity score matching, no statistically
significant residual differences remained for all above variables (Table 1).

3.2. Adverse In-Hospital Outcomes

Relying on a 1:10 propensity score matched cohort, leukemia history RP patients more
frequently had acute kidney injury (<2.6 vs. 0.9%; p = 0.006) and more frequently received
dialysis (3.6 vs. 1.9%; p = 0.04; Table 2). Leukemia history RP patients exhibited higher rates
of hospital stays exceeding one week (4.8 vs. 2.5%, p = 0.01). After multivariable adjustment,
history of leukemia represented an independent predictor for acute kidney injury (odds
ratio (OR) 2.0, p = 0.02), dialysis (OR 1.9, p = 0.03), and hospital stay >1 week (OR 2.0,
p = 0.006). To further validate these findings, we performed subgroup analyses for patients
with acute or subacute leukemia (20/416, 4.8%), leukemia history patients after stem cell
or bone marrow transplantation (11/416, 2.6%), and leukemia history patients previously
treated with chemotherapy (13/416, 3.1%) or irradiation (<11/416, <2.6%). None of these
subgroups exhibited significantly higher rates of acute kidney injury, dialysis, or hospital
stay >1 week than those in the overall leukemia history cohort.
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Table 2. Adverse in-hospital outcomes (overall complications, intraoperative complications, postop-
erative complications, and mortality) and length of stay in radical prostatectomy patients after 1:10
propensity score matching, stratified according to the presence or absence of a history of leukemia.

Endpoints
With Leukemia

History
n = 416 (0.2%)

Without Leukemia
History

n = 4160 (98.9%)
p-Value 1

Multivariable
OR

(95% CI) 2
p-Value 2

Overall complications, n (%) 82 (19.7%) 713 (17.1%) 0.2 1.2 (0.9, 1.6) 0.2
Acute kidney injury, n (%) <11 (<2.6%) 36 (0.9%) 0.006 2.0 (1.1, 3.5) 0.02
Dialysis, n (%) 15 (3.6%) 81 (1.9%) 0.04 1.9 (1.1, 3.2) 0.03
Transfusion, n (%) 37 (8.9%) 282 (6.8%) 0.1 1.4 (0.9, 1.9) 0.1
Intraoperative complications, n (%) 15 (3.6%) 166 (4.0%) 0.8 0.9 (0.5, 1.5) 0.7
Cardiac complications, n (%) 13 (3.1%) 104 (2.5%) 0.5 1.3 (0.7, 2.3) 0.4
Genitourinary complications, n (%) <11 (<2.6%) 62 (1.5%) 0.4 1.5 (0.7, 3.0) 0.3
Vascular complications, n (%) <11 (<2.6%) 23 (0.6%) 1 0.9 (0.1, 3.0) 0.9
Infectious complications, n (%) 0 (0%) 11 (0.3%) 0.6 NA
Bleeding complications, n (%) <11 (<2.6%) 61 (1.5%) 1.0 0.7 (0.2, 1.6) 0.4
Critical care therapy, n (%) <11 (<2.6%) 25 (0.6%) 0.7 1.2 (0.3, 3.5) 0.8
Length of stay >1 week, n (%) 20 (4.8%) 106 (2.5%) 0.01 2.0 (1.2, 3.3) 0.006
In-hospital mortality, n (%) 0 (0%) <11 (<0.3%) 1 NA

1 Pearson’s Chi-square test. 2 Multivariable regression models predicting post-operative, in-hospital complications
according to the presence or absence of a leukemia history in patients undergoing radical prostatectomy after
1:10 propensity score matching (PSM). Multivariable adjustment was made to age at admission, comorbidities,
ethnicity, insurance status, pelvic lymph node dissection, and teaching hospital status. Reference: Patients without
a history of leukemia. Abbreviations: IQR = Interquartile range, OR = Odds Ratio, CI = Confidence Interval,
NA = not assigned.

Conversely, for the remaining comparison categories (transfusion rates; overall intra-
operative, cardiac, genitourinary, vascular, infectious, and bleeding complications; and
critical care therapy and mortality), no statistically significant or clinically meaningful
differences were recorded (Table 2). Indeed, the overall complication rate in patients with a
history of leukemia was 19.7 vs. 17.1% in those without (p = 0.2). Neither the rate of critical
care therapy <2.6 vs. 0.6%; p = 0.7) nor that of in-hospital mortality (0 vs. <0.3%; p = 1) was
higher in patients with a history of leukemia than in those without.

4. Discussion

Leukemia history in RP patients is rare and may predispose them to higher rates of
in-hospital complications. Despite a relative abundance of literature addressing leukemia
history in other surgeries, specific analyses have never reported the prevalence of leukemia
history at RP and its potential association with adverse in-hospital outcomes. We have
addressed the two knowledge gaps and made several noteworthy observations.

First, despite the interest in leukemia history at RP [1,4–11], the existing studies cannot
provide estimates about the proportion of leukemia history patients at RP and did not
address complications, as has been done extensively in regard to cardiac surgery. Indeed,
the current English-language medical literature does not offer studies examining leukemia
history patients treated by RP, regardless of the endpoint of interest. Such data cannot
be provided at a single institution level or even within multi-institutional databases due
to their rarity. Only population-based data repositories such as the NIS may provide
sufficient numbers of observations. In the current study, relying on data from 2000 to
2019, we recorded 416 leukemia history patients out of 259,939 RP patients (0.2%). This
proportion is consistent with the varying incidence rates of leukemia history at RP, ranging
from 0.2 to 0.9% in case series [4,8,10]. This estimate is also consistent with the proportions
recorded in other surgery types, that is, 0.2% for cardiac surgery patients within a nationally
representative cohort of >1.25 million patients in the United States [13].

Second, although RP patients with leukemia history were rare, the proportion of RP
patients with leukemia increased in a statistically significant fashion over the course of this
study, from 0.1% to 0.2% (p = 0.002). Indeed, an increasing rate of leukemia history patients
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in the context of surgeries other than RP has been described as well [16,17]. This increase
validates the pertinence of the current study.

Third, we identified important differences in patient characteristics that distinguished
RP patients with a history of leukemia from those without. Specifically, RP patients with a
leukemia history were older (median, 64 vs. 62 years), more frequently Caucasian (72.6 vs.
63.5%), more frequently treated with concomitant pelvic lymph node dissection at RP (38.7
vs. 33.3%), and more frequently treated at teaching hospitals (71.6 vs. 66.3%). For instance,
Caucasian ethnicity is a known risk factor for leukemia [34], validating this finding. These
differences indicated the need for propensity score matching and multi-variable adjustment.

Fourth, of all 13 examined adverse in-hospital outcomes (acute kidney injury, dialysis,
and transfusion; overall intraoperative, cardiac, genitourinary, vascular, infectious, and
bleeding complications; and critical care therapy, length of stay longer than one week,
and mortality), three exhibited significant differences between patients with a history
of leukemia and their counterparts without a leukemia history. Specifically, the rate of
acute kidney injury was higher in RP patients with a history of leukemia than in their
counterparts without (<2.6 vs. 0.9%, p = 0.006). In MVA, a history of leukemia predicted a
2-fold higher rate of acute kidney injury (p = 0.02). Additionally, higher dialysis rates after
RP were observed in patients with a history of leukemia (3.6% vs. 1.9%, p = 0.04). In MVA,
a history of leukemia predicted a 1.9-fold higher rate of dialysis (p = 0.03). Taken together,
leukemia history predicted higher rates of kidney-related unfavorable outcomes. This is
consistent with findings made in other surgical procedures. Nguyen et al. (n = 37,839)
reported significantly higher rates of renal failure (5.4 vs. 2.8%, p = 0.03) and dialysis (1.8
vs. 0.3%, p = 0.02) in patients with a history of hematologic malignancies compared to
their counterparts without [14]. Sommer et al. also reported a tendency towards higher
rates of renal failure and dialysis in cardiac surgery patients with a history of hematologic
malignancies and prior chemotherapy or irradiation (21.4 vs. 5.3%, p = 0.3 or 20.0% vs. 8.7%,
p = 0.3) [21]. Nonetheless, these associations are not universal, and other studies have failed
to exhibit higher rates of kidney-related adverse outcomes after cardiac surgery in leukemia
history patients [12,13,23]. As a consequence, further validation studies in leukemia history
RP patients in large-scale databases outside the United States are warranted.

Fifth, leukemia history patients had a 2-fold higher risk of a hospital stay longer than
one week (4.8 vs. 2.5%; OR 2.0, p = 0.006). A longer length of stay was also reported in pa-
tients with hematological malignancies undergoing orthopedic surgeries [16,17]. However,
as for other positive associations, other investigators did not identify a history of leukemia
as a predictor for a longer length of stay [12,13,22].

Sixth, despite a convincing body of evidence indicating higher rates of blood trans-
fusions in surgeries other than RP for leukemia history patients [12–14,16,21], such an
association was not identified in the current study. Specifically, the rate of blood trans-
fusions was 8.9% for leukemia history patients vs. 6.8% for their matched counterparts
without a leukemia history (OR 1.4, p = 0.1). For instance, Mardigal et al. and Zhu et al.
reported significantly higher rates of blood transfusion (34 vs. 28%, p = 0.003 and 87 vs.
65%, p = 0.001) after cardiac surgery in patients with a history of leukemia within two
independent, large-scale databases of over 1.25 million and 50 thousand patients, respec-
tively [12,13]. The differing findings between RP and cardiac surgery may be explained
by the inherent differences in the nature of these surgical procedures. Cardiac surgery
typically involves higher rates of bleeding, necessitating more frequent blood transfusions,
reflecting the distinct hemostatic challenges presented by this type of surgery. However, it
is possible that a higher rate of blood transfusions in leukemia history patients after RP
may be identified in other large-scale databases.

Taken together, the prevalence of RP patients with a leukemia history is increasing
over time in a statistically significant fashion, and these patients are at higher risk for acute
kidney injury, dialysis, and an extended length of stay. The observations made in this study
are in accordance with the marginal leukemia history rates in other malignancies and the
relatively small magnitude of complications differences reported from other procedures.
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RP surgeons should be aware of these differences when a RP is contemplated in a patient
with a history of leukemia.

While an analysis of a rare combination such as this is only possible using large
retrospective databases, the present study has inherent limitations due to its reliance on
this approach. First and foremost, the limited sample size of RP patients with a history
of leukemia undermines the clinical importance of the current findings. Specifically, the
observations from the current study may not be pertinent to occasional RP surgeons who
may never encounter patients with a history of leukemia. However, the current observations
are important for high-volume users, and even more important for high-volume RP centers,
where patients with a history of leukemia will be encountered regularly and at an increasing
rate. Second, in the current study, we were able to quantify the proportion of RP patients
with a history of leukemia. However, the absence of pathological information originating
from pelvic lymph node dissection specimens prevented us from quantifying the rate of
leukemia LNI. Ideally, leukemia status is defined by a history of leukemia and leukemia
LNI. Third, it may very well be assumed that only the most fit and healthy leukemia history
patients are referred to RP and that retrospective data like the NIS is prone to selection bias.
However, this limitation applies to all current and previous studies that rely on the NIS or
similar databases, such as the Surveillance Epidemiology and End Results database. Finally,
the NIS only provides data within the hospital stay of the patient. Therefore, it was not
possible to assess further complications after the patient was discharged after RP. Moreover,
the individual risk of developing adverse in-hospital outcomes in leukemia history patients
may be substantially influenced by prior treatments, procedures, and leukemia/cancer
characteristics that were not assessed in our analyses. In fact, the NIS offers only limited
information on the cancer/leukemia stage and prior medical history. For instance, within
leukemia history patients, we identified only 11/416 (2.6%) patients with a prior history of
stem cell or bone marrow transplantation, 13/416 (3.1%) patients with a personal history
of antineoplastic chemotherapy, and <11/416 (<2.6%) patients with personal history of
irradiation. These small numbers restricted us from meaningful subgroup analyses. Our
analyses are most representative of chronic leukemia patients without further risk factors,
limiting the generalizability of our findings.

5. Conclusions

Patients with a leukemia history undergoing radical prostatectomy were rare and had
higher rates of kidney-related adverse in-hospital outcomes and extended length of stay.
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