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ABSTRACT

Background: B-cell prolymphocytic leukemia (B-PLL) is a rare disease, consisting <1% of mature B-cell
malignancies. B-PLL is often refractory to chemotherapy, with a median survival of 3 years. Due to its rarity, no large
cohort studies exist elucidating outcomes.

Methods: All B-PLL patients >15 years were identified in the National Cancer Institute’s Surveillance, Epidemiology,
and End Results (SEER) database between 2000-2020. Statistical analysis explored demographic variables like age;
categorized as adolescent or young adult (AYA) and adults. In adults, differences in survival due to factors such as sex,
race/ethnicity, household income, rurality, and age categorized in 10-15 year buckets was analyzed.

Results: B-PLL patients were predominantly white (78%), over 40 years (96%) and mostly residing in metropolitan
areas (90%). Interestingly, the AY A cohort were mostly female (70%). 35% of the AY A patients were Hispanic, while
being only 9% in adults. Among adults, the rate of Asian/Pacific-Islander patients that were alive at the time of the data
query was 53% compared to 34% in Hispanic, 31% in black, and 24% in white patients (p=0.025). Younger age was
also associated with greater chances of survival (p<0.001).

Conclusions: In line with known poor prognosis of the disease, 23% patients were alive at the time of data query.
Female and Hispanic patients were overrepresented in the AYA age group. In the adult group Asian/Pacific-Islander
patients had better survival outcomes, as did younger patients. Further research is necessary to explore why B-PLL
incidence in AYA patients is higher among Hispanic and females.
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INTRODUCTION

B-cell prolymphocytic leukemia (B-PLL) is a rare
hematologic malignancy, constituting less than 1% of
mature B-cell neoplasms.! Typically affecting elderly
individuals, B-PLL is characterized by peripheral blood
prolymphocyte  levels exceeding 55%, minimal
lymphadenopathy, marked splenomegaly, and markedly
elevated white blood cell counts.? The disease often
exhibits resistance to standard chemotherapy, leading to a
generally poor prognosis, with a median survival of
approximately three years.?

B-PLL predominantly manifests in older adults, typically
presenting between ages 65 and 70 years. Both genders are
equally affected, although there appears to be a higher
prevalence among Caucasians. Initially identified in 1974
by Galton et al, B-PLL was formally recognized as a
distinct entity by the World Health Organization in 2008,
owing to its clinical and pathological similarities to chronic
lymphocytic leukemia (CLL).2

Due to its rarity, there are limited cohort studies examining
survival patterns among B-PLL patients. This study aims
to delineate the demographic characteristics of B-PLL
patients using the Surveillance, Epidemiology, and End
Results (SEER) database from the National Cancer
Institute, with a focus on factors potentially influencing
survival trends.

METHODS

This retrospective descriptive study was deemed exempt
by the Institutional Review Board. All patients confirmed
to have B-PLL between the years 2000 and 2020 were
retrieved from The Surveillance, Epidemiology, and End
Results (SEER) national database, which provides
deidentified but comprehensive national-level clinical data
for investigation.®

The inclusion criteria and clinical variables extracted for
this study were: B-cell prolymphocytic leukemia (ICD
code 16.32, site recode, international classification of
diseases for oncology (ICD-0-3)/WHO 2008), and age
>15. The demographic characteristics queried included sex
race and ethnicity, median household income, and the

rurality of the patient’s residence. Survival status was
considered as the main outcome variable. The patients
were categorized as either adult (>40 years of age) or
adolescent or young adult (AYA), if between ages 15 and
39 years. However, the AYA patients were excluded from
inferential analysis due to their extremely small sample
size. Exclusion criteria for participation in this study
included; age <15, patients with wrong or no diagnosis of
the BPLL, incomplete treatment data, missing
demographic information, non-primary cases and lack of
living vs dead status.

Descriptive statistics were calculated for both the full and
analytic samples and were also calculated to reveal
possible demographic differences between adult and AYA
cohorts. Bivariate associations between living status and
each demographic characteristic were explored utilizing
chi-square tests. To evaluate the unique contributions of
each demographic characteristic on survival status while
controlling for other factors, multivariable logistic
regression and conditional inference tree analyses were
conducted. Conditional inference trees are nonparametric
tree-based models that utilize recursive partitioning to
identify the most influential factors contributing to living
status as determined by permutation-based significance
testing.® This additional multivariable analysis is
appropriate even when model assumptions for traditional
parametric statistical are violated and is distinctive in its
ability to detect and explore complex interaction effects
that need not be specified a priori. All data pre-processing
and analyses were performed in R Version 4.3.3 (R Core
Team (2024). R: A language and environment for
statistical computing. R Foundation for Statistical
Computing, Vienna, Austria. https://www.R-project.org/)
with statistical significance defined as p<0.05.

RESULTS

Overall patient characteristics can be found summarized in
Table 1. This was a predominantly male (62%) and mostly
white (78%) cohort, with most patients (96%) over 40
years of age, living in very large metropolitan areas (90%),
including a considerable portion of them living in areas
with populations exceeding one million individuals (61%).
In this 20-year cohort, 23% of patients were alive at the
time of the data query.

Table 1: Sample characteristics.

Demographic

Full sample (%) Analytic sample (%)

Sex

Male

Female

Race/ethnicity

Hispanic (all races)

Non-Hispanic Asian or Pacific Islander
Non-Hispanic Black

Non-Hispanic White

375 (61.7) 278 (61.9)
233 (38.3) 171 (38.1)
60 (9.9) 41 (9.1)
26 (4.3) 19 (4.2)
47 (1.7) 35 (7.8)
475 (78.1) 354 (78.8)

Continued.
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Demographic

Full sample (%) Analytic sample (%)

(n=608) (n=449)

Median household Income (adjusted for inflation)

<$45 K 20 (3.3) 17 (3.8)
>$45 K 588 (96.7) 432 (96.2)
Rural-urban continuum

Metropolitan areas w/pop. >1 million 373 (61.3) 267 (59.5)
Metropolitan areas w/pop. Between 250 K and 1 million 124 (20.4) 91 (20.3)
Metropolitan areas w/ pop. <250 K 51 (8.4) 42 (9.4)
Nonmetropolitan areas adjacent to a metropolitan area 44 (7.2) 36 (8.0)
Nonmetropolitan areas not adjacent to a metropolitan area 16 (2.6) 13 (2.9)
Age group (years)

Adolescent and young adult (AYA) i.e., <39 23 (3.8) NA*
40-54 49 (8.1) 45 (10.0)
55-64 98 (16.1) 80 (17.8)
65-74 159 (26.1) 119 (26.5)
75-84 193 (31.7) 148 (33.0)
85 or above 86 (14.1) 57 (12.7)
Living status

Alive 139 (22.9) 120 (26.7)
Dead 332 (54.6) 329 (73.3)
Dead (due to causes other than this cancer) 137 (22.5) NA

*NA - Not Applicable.

Table 2: Demographics by age group.

Demographic

AYA (%) (n=23) Adult (%) (n=585)

Sex

Male 7(30.4) 368 (62.9)
Female 16 (69.6) 217 (37.1)
Race/ethnicity

Hispanic (all races) 8 (34.8) 52 (8.9)
Non-Hispanic Asian or Pacific Islander 2 (8.7) 24 (4.1)
Non-Hispanic Black 2 (8.7) 45 (7.7)
Non-Hispanic White 11 (47.8) 464 (79.3)
Median household income (adjusted for inflation)

<$45 K 1(4.3) 19(3.2)
>$45 K 22 (95.7) 566 (96.8)
Rural-urban continuum

Metropolitan areas w/pop. >1 million 15 (65.2) 358 (61.2)
Metropolitan areas w/pop. between 250 k and 1 million 3(13.0) 121 (20.7)
Metropolitan areas w/pop. 250 k 4(17.4) 47 (8.0)
Nonmetropolitan areas adjacent to a metropolitan area 0 (0.0) 44 (7.5)
Nonmetropolitan areas not adjacent to a metropolitan area 1(4.3) 15 (2.6)
Living status

Alive 19 (82.6) 120 (20.5)
Dead 3(13.0) 329 (56.2)
Dead (due to causes other than this cancer) 1(4.3) 136 (23.2)

Table 2 highlights the descriptive differences in
demographics between adult and AYA patient groups.
Female patients were overrepresented in the AYA cohort,
whereas the adult cohort was predominantly male. While
both age groups were predominantly white, the AYA

group had significantly more hispanic patients (35%)
compared to the adult cohort (9%). As expected, the AYA
had more alive patients at the time of the data query (83%)
compared to the adult cohort (21%). Significance of such
differences was not assessed due to the small AY A sample
size.
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Table 3: Bivariate analysis of demographics by living status.

Demographic - Alive (%) Dead (%) P value!
Sex

1.000
Male (n=278) 74 (26.6)? 204 (73.4)
Female (n=171) 46 (26.9) 125 (73.1)
Race/ethnicity 0.025
Hispanic (all races) (n=41) 14 (34.1) 27 (65.9)
Non-Hispanic Asian or Pacific Islander (n=19) 10 (52.6) 9 (47.4)
Non-Hispanic Black (n=35) 11 (31.4) 24 (68.6)
Non-Hispanic White (n=354) 85 (24.0) 269 (76.0)
Median household income (adjusted for inflation) 0.797
<$45 K (n=17) 4 (23.5) 13 (76.5)
>$45 K (n=432) 116 (26.9) 316 (73.1)
Rural-urban continuum 0.093
Metropolitan areas w/ pop. >1 million (n=267) 78 (29.2) 189 (70.8)
Metropolitan areas w/ pop. between 250 k and 1 million (n=91) 28 (30.8) 63 (69.2)
Metropolitan areas w/ pop. <250 k (n=42) 6 (14.3) 36 (85.7)
Nonmetropolitan areas adjacent to a metropolitan area (n=36) 5 (13.9) 31 (86.1)
Nonmetropolitan areas not adjacent to a metropolitan area (n=13) 3(23.1) 10 (76.9)
Age group (years) <0.001
40-54 (n=45) 22 (48.9) 23 (51.1)
55-64 (n=80) 25 (31.3) 55 (68.8)
65-74 (n=119) 43 (36.1) 76 (63.9)
75-84 (n=148) 23 (15.5) 125 (84.5)
85 or above (n=57) 7 (12.3) 50 (87.7)

1P value for demographic survival differences utilizing a x2 test if assumptions are met otherwise the p value for demographic differences
is computed for the y2 test using a Monte Carlo test with 10,000 replicates. 2Values throughout reflect N (%) of each row variable that are

alive and dead respectively e.g., 74 individuals among the 278 males (26.6%) are alive.

Bivariate analyses differed significantly based upon age group (p<0.001) and
race/ethnicity (p=0.025).

AYA patients and those patients classified as dead due to

causes other than this cancer were removed from the Multivariable analyses

analytic sample for bivariate and multivariable analyses.

Table 3 focuses this analytic sample of only adult patients, Multivariable analyses using both a tree-based model and
outlining the differences in living status that exist within multivariable logistic regression were conducted to
this cohort based due to demographics. Living status determine how different features impacted survival, while

accounting for other variables.
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Figure 1: Tree-based model.
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A conditional inference tree was constructed from all the
variables to determine what was most predictive of current
living status (Alive or Dead). The below is the result of the
overall model.

This model was based on using 90% of the sample as a
training set and 10% of the sample as a testing set, resulting
in approximately 73% accuracy (95% CI: [57.2, 85.0]) in
predicting whether a patient was currently alive. The
variable that emerged as most significant was age, with
those in age groups below 75 years of age much more
likely to be currently alive. All variables not included in
the above figure were not statistically significant.

Multivariable logistic regression

We fitted a multivariable logistic model to predict whether
a patient was currently alive using age, sex, race, median
household income, and rurality as explanatory variables.
Standardized parameters were obtained by fitting the
model on a standardized version of the dataset and p values
were computed using a Wald z-distribution approximation.

Results of the model indicated that the effect of age was
the only variable that was statistically significant
(p<0.001). Table 4 below provides odds ratios from the
logistic regression model.

Table 4: Multivariable logistic regression results.

Demographic
Intercept
Sex
Male
Race/ethnicity
Non-Hispanic Asian or Pacific Islander
Non-Hispanic Black
Non-Hispanic White
Median household income
>$45 K
Rural-urban continuum
Metropolitan w/pop. >1 million
Metropolitan w/pop. 250 K to 1 million
Nonmetropolitan, metropolitan adjacent
Nonmetropolitan, not metropolitan adjacent
Age group (years)
55-64
65-74
75-84
85 or above
*statistically signinficant.

In the model, increasing age was significantly associated
with poorer prognosis. When looking at the odds ratios and
comparing individuals with the same sex, race, median
household income, and rurality, the odds of a 75 to 84 year-
old individual being dead are over 5 times that of a 45-54
year-old individual (OR=5.29, p<0.001) and the odds of an
individual 85 years-old or above not being alive are almost
8 times that of a 45-54 year-old individual (OR=7.84,
p<0.001). Larger metropolitan areas of residence seemed
to be associated with improved survival.

DISCUSSION

In this study, mortality outcomes and predictors of
mortality were examined in patients with B-PLL. Non-
Hispanic Whites had the highest mortality rate (76.0%).
More females were diagnosed among adolescents and
young adults (<39 years) than males. The incidence and
mortality of B-PLL were higher in persons over the age of
40 than in AYA. In addition, young adults and adolescents

Odds ratio P value
0.94 0.949
1.24 0.370
0.50 0.246
1.52 0.427
1.32 0.452
1.84 0.416
0.38 0.046*
0.31 0.023*
0.90 0.885
0.73 0.741
2.13 0.062
1.72 0.145
5.29 <0.001*
7.84 <0.001*

were more likely to be Hispanic than was seen in the adult
cohort. Overall, age was the strongest predictor of survival
in the adult cohort with younger aged patients having a
higher chance of being listed as currently alive.

At the end of the study period, 55% of the overall sample
(n=332) had died from B-PLL with only 22.9% (n=139)
still alive at the time of the data query. This is in keeping
with other studies that outline the poor prognosis in B-PLL
patients.” We identified various factors that could be
associated with this increased risk of mortality. Non-
Hispanic Whites tend to have more deaths amongst their
racial group from B-PLL compared to other age groups,
with only 76% of Non-Hispanic Whites in the analytical
sample having died from B-PLL. Other studies have
identified Caucasian race as a predictor of poor survival in
B-PLL.2

From our observation non-Hispanic Asian or Pacific
Islanders had a better outcome compared to other races
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with 53% of the analytic sample alive at the end of the
study period. Hispanics and Non-Hispanic Blacks
followed with 34% and 31% alive at the conclusion of the
study respectively. Non-Hispanic Whites (NHW) had
poorer outcomes with only 24% alive at the end of the
study period.

The gender distribution of B-PLL among the population
studied was interesting. We found that amongst
adolescents and young adults (AYA), those aged less than
39 years, there were more females compared to males who
were diagnosed with B-PLL (70% vs 30%). However,
amongst adults, those aged >40 years we found the
opposite with men more than women (63% vs 37%). From
other studies there appears to be a small increase in the
incidence in males compared to females (n=2) while
another study identified an equal distribution.*

Anecdotally, when we compared AYA to older adults, we
observed differences in the distribution among race
groups. Among the AYA there were more Hispanic
patients with the disease when compared to older adults.
We also observed a smaller proportion of NHWSs in the
AYA group with only 47.8% being NHW compared to
79.3% in the older adult group. Studies have shown that
NHWs had a significantly higher incidence of B-PLL
when compared to other races.” From our study AYA who
identify as NHW made up less than half of the population,
an interesting and unexpected finding. However, due to the
extremely small sample size of AYA patients in this
cohort, we are unable to conclude whether these trends
were statistically significant.

It has been shown that among people under the age of 20,
Hispanics have the highest rate of leukemias of all
ethnicities—in children, by more than 20% according to
cancer organizations.® Researchers have found genetic and
genomic mutations linked to ALL in people of Latino
descent, although its prevalence in the Latino community
could also be environmental.!® Risk factors may include
certain jobs such as farmers involved in cattle ranching,
dairy production and herbicide use and exposure to some
pesticides.

In keeping with other studies we observed that B-PLL was
more predominant in individuals aged >40 years when
compared to AYAs.3!! Older patients were also more
likely to die from this disease and this was not a surprise
as the median age of presentation is 69 years with an
average survival of about 65 months.!! From our analysis
we concluded that the most significant predictor of
survival was age with those adults in younger age cohorts
to be more likely to survive compared to older adults
(Figure 1). From other studies, other predictors of survival
include anemia, TP53 mutation and lymphocyte count,
however these variables were not included in our study as
they are not tracked in the SEER database.?

In this study, aside age and race, residential location
seemed to have an association with survival outcomes of

patients. Data analysis highlighted that more patients in the
studied populations resided in metropolitan areas, than
those in rural settings. Considering the multivariable
regression results from table in our results, it appears that
patients residing in metropolitan areas seemed to have a
better outcome given their lower odds ratio which was also
statistically significant. Thus, fair and impactful targeted
interventions to increase access to care and improve
outcomes, particularly in underserved areas, are necessary.

Limitations

Several limitations exist in this SEER-based analysis. One
of such is the absence of in-depth clinical and genetic
information  necessary to  understand B-PLL’s
pathogenesis and therapeutic effectiveness within the
sampled population. Equally, there are also few treatment
details and compliance data that may perhaps influence on
survival analysis. There can be coding as well as reporting
errors resulting into misclassification; these usually get
compounded when not all B-PLL cases have been captured
within the database hence underestimating their incidence
rates. Inadequate follow-up periods and possibility for
selection bias further complicate them. The most
important, however, is that demographic data from SEER
may miss out crucial factors such as socioeconomic status
and comorbidities. Finally, this is a retrospective study
with all the inherent limitations of such research.

CONCLUSION

This retrospective study explored the demographics and
outcomes of patients diagnosed with  B-cell
prolymphocytic leukemia (B-PLL) in the Surveillance,
Epidemiology, and End Results (SEER) national database.
Overall, we observed a predominantly male (62%) and
mostly white (78%) cohort, with most patients (96%) over
40 years of age, living in large metropolitan areas (90%),
including a considerable portion of them living in areas
with populations exceeding one million individuals (61%).
Female and Hispanic patients were overrepresented in
patients under 40 years of age. In this 20 year cohort, 23%
of patients were alive at the time of the data query. Non-
Hispanic White patients had the poorest survival outcomes
overall. In a multivariate model, increasing age was
associated with poorer survival outcomes, whereas living
in a large metropolitan area was associated with improved
survival. Further studies are necessitated to improve care
and outcomes for this rare disease.
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