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Abstract

Background: Primary breast lymphoma (PBL) is a rare disease whose epidemiological features, treatment principles, and
factors used for the patients’ prognosis remain controversial.

Objective: The aim of this study was to explore the epidemiology of PBL and to develop a better model based on machine
learning to predict the prognosis for patients with primary breast lymphoma.

Methods: The annual incidence of PBL was extracted from the surveillance, epidemiology, and end results database between
1975 and 2019 to examine disease occurrence trends using Joinpoint software (version 4.9; National Cancer Institute). We enrolled
datafrom 1251 female patients with primary breast lymphoma from the surveillance, epidemiology, and end results database for
survival analysis. Univariable and multivariable analyses were performed to explore independent prognostic factors for overall
survival and disease-specific survival of patientswith primary breast lymphoma. Eight machinelearning algorithmswere developed
to predict the 5-year survival of patients with primary breast lymphoma.

Results: The overall incidence of PBL increased drastically between 1975 and 2004, followed by a significant downward trend
in incidence around 2004, with an average annual percent change (AAPC) of —0.8 (95% CI —1.1 to —0.6). Disparitiesin trends
of PBL exist by age and race. The AAPC of the 65 years or older cohort was about 1.2 higher than that for the younger than 65
years cohort. The AAPC of White patientsis 0.9 (95% CI 0.0-1.8), while that of Black patients was significantly higher at 2.1
(95% Cl —2.51t06.9). We also identified that therisk of death from PBL ismultifactorial and includes patient factors and treatment
factors. Survival analysis reveal ed that the patients diagnosed between 2007 and 2015 had a significant risk reduction of mortality
compared to those diagnosed between 1983 and 1990. The gradient booster model outperforms other models, with 0.752 for
sensitivity and 0.817 for area under the curve. The important features established with the gradient booster model were the year
of diagnosis, age, histologic type, and primary site, which were the 4 most relevant variables to explain 5-year survival status.

Conclusions: Theincidence of PBL started demonstrating a tendency to decrease after 2004, which varied by age and race. In
recent years, the prognosis of patients with primary breast lymphoma has been remarkably improved. The gradient booster model
had apromising performance. Thismodel can help cliniciansidentify the early prognosis of patientswith primary breast lymphoma
and therefore improve the clinical outcome by changing management strategies and patient health care.

(JMIR Public Health Surveill 2023;9:e45455) doi: 10.2196/45455
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Methods

Primary breast lymphoma (PBL) is defined as a kind of
lymphomathat isonly located in the breast, aswell asipsilateral
lymph nodes at the time of initial diagnosis[1,2]. It represents
no more than 1% of breast malignancies and less than 3% of
extranodal lymphomas [3,4]. Nevertheless, the incidence rate
of PBL isrising in recent years and deserves attention [5].

Since PBL isarare disease, its epidemiological characteristics,
treatment, and prognosisremain controversial. In particular, the
wide variations of its prognoses, which have been reported in
different studies, challenged us to evaluate the prognosis of
PBL. The 5-year survival ratesranged from 50% to 90% in the
previous reports [6-11]. Certainly, the diversity may be due to
different case series, a smal sample available, different
subtypes, clinical stages, treatment methods, and so on. Research
isinconclusive about what will affect the outcome of PBL and
how much of an effect change can bring. The 5-year survival
rate varies according to different clinical stages: 89% for stage
I and 50% for stage Il [12]. A huge difference exists in the
long-term prognosisin recent years, showing improvement with
the development of modern therapy [13]. Age has also been
reported as an independent prognostic factor, and cases of
elderly patients were complicated by more comorbidities that
caused apoor prognosis[14,15]. In some studies, chemotherapy
and radiotherapy were associated with longer survival, and there
was no benefit from mastectomy [2,16]. However, compared
with the above factors, histological subtypes play a more
important role. Diffuse large B-cell lymphoma (DLBCL) isthe
most common subtype, which is more aggressive, followed by
follicular and mucosa-associated lymphoid tissue (MALT)
lymphoma with indolent behavior [13,17]. Picasso et a [18]
found that tumors in 50% of patients with primary breast
lymphoma were located in the upper outer quadrant and 25%
werein the upper inner quadrant; however, there are no studies
that try to analyze prognosis between different primary sites.
Consequently, the factor of the primary site was aso
incorporated into our study. There are many other factors that
may contribute to the outcome of PBL, but it is not clear about
therole of each one.

In order to build up areliable way to predict the prognosis of
patients with primary breast lymphoma, we need to combine
all potential prognostic factors with different weight ratiosin 1
model. Since it is difficult to set up an effective model in the
traditional way under complex interference factors, for example,
Nomogram, we use machine learning and the Surveillance,
Epidemiology, and End Results (SEER) database to conduct
our study. First, we investigated the epidemiology,
clinicopathologic features, treatment modalities, and outcomes
of PBL. Second, we tried to establish a predictive model with
the assistance of machine learning including 11 prognostic
factors (age, race, year of diagnosis, marital status, laterality,
primary tumor site, histology, Ann Arbor stage, surgery status,
radiation status, and chemotherapy status). We believe our work
may help with the evaluation of patients with primary breast
lymphomain the future.

https://publichealth.jmir.org/2023/1/e45455

Data Source and Study Population

The annual incidence of PBL was extracted from the SEER
database between 1975 and 2019 to examine nationa trends,
and all incidence rates were age adjusted. Since the Ann Arbor
staging was not available until 1983, patients diagnosed between
1975 and 1982 were not included in the survival analysis and
the establishment of the machine learning model. Finaly, we
enrolled 1251 patientsusing SEER[Btat (version 8.3.9; National
Cancer Ingtitute) for survival analysis, according to the following
inclusion criteria: female, year of diagnosisfrom 1983 to 2015,
the age of diagnosis more than 15 years, breast lymphoma as
the only primary malignant cancer diagnosis, and Ann Arbor
stage I-1l. The exclusion criteria were as follows. Ann Arbor
stage I11-1V (because these were considered unlikely to be in
accordance with extranodal disease) or unknown information,
younger than 15 years old, multiple tumors, male cases, and
patientswho died within 30 days. This study tracked the duration
of follow-up starting from the day of diagnosis to December
31, 2019, or the date of death, which can providefollow-up data
for more than 5 years. Patient characteristics and treatment
courses in our study were identified. The data related to age,
race, year of diagnosis, marital status, laterality, primary tumor
site, histology, Ann Arbor stage, surgery status, radiation status,
and chemotherapy status. Surgery was divided into mastectomy
and breast-conserving surgery. We cannot further classify
chemotherapy and radiotherapy asthe SEER database does not
provide detailed chemotherapy and radiotherapy data, such as
theregimen, dose, and duration. However, anthracycline-based
chemotherapy regimens and radiotherapy of extranodal lesions
are the primary treatment options for patients with primary
breast lymphoma[2,19,20], so these limitations did not influence
our results much.

Ethics Approval

Our primary datawere extracted from the SEER database, which
ispublicly available. We got permission for data extraction and
usage after signing a datause agreement for the SEER
1975-2019 research data file. Consequently, human subject
research ethics review and informed consent were exempted
from this study. We confirm that the information of enrolled
patients was anonymous or deidentified. In addition, all
statistical analyses were conducted in accordance with the
regulations of the SEER Program.

Outcome M easurement

The primary outcome of the study is overall survival (OS). It
was defined as from the date of initial diagnosis to the date of
death by any cause including PBL . Patients who were alive on
the date of the last follow-up were censored. Disease-specific
survival (DSS), which served as a secondary study outcomein
our study, was defined as from the date of diagnosisto the date
of death dueto PBL.

Statistical Analysis

Theincidence of PBL for trend analysiswas retrieved from the
SEER database. The time trends in incidence for PBL were
assessed and fit using Joinpoint software (version 4.9; National

JMIR Public Health Surveill 2023 | vol. 9 | e45455 | p. 2
(page number not for citation purposes)


http://www.w3.org/Style/XSL
http://www.renderx.com/

JMIR PUBLIC HEALTH AND SURVEILLANCE

Cancer Ingtitute) based on log-linear models. Annual percentage
change and average annual percent change (AAPC) were
calculated to indicate the direction and magnitude of thetrends.
In order to explore the influences of demographic differences
for PBL incidence, the overall population was stratified into
different groups, including age and race.

The Kaplan-Meier method was used to generate survival curves.
The log-rank test was performed to determine the differences
between different demographic and clinical characteristics of
PBL patients. Hazard ratio (HR) with 95% Cl was identified
by using a Cox proportional hazard regression model to
determine the factors associated with the outcomes. These
statistical analyseswere conducted by using SPSS (version 26.0;
IBM Corp), and a P value of less than .05 was considered as a
statistical difference.

Eleven categorical predictors including age, race, year of
diagnosis, marital status, laterality, primary tumor site, histology,
Ann Arbor stage, surgery status, radiation status, and
chemotherapy statuswere collected to build amachinelearning
model for 5-year survival prediction (Figure 1). The package
of “MissForest” was used to impute missing valuesin the data
set. Of al enrolled patients, 35.1% (n=439) of patients did not

https://publichealth.jmir.org/2023/1/e45455
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haveinformation on the primary site, 11.2% (n=140) of patients
were missing information on the histologic type, and 18.1%
(n=226) of patients had no treatment information regarding
surgery. The portions of missing values were far less than the
cutoff of heavy missingness (75%), which promises good
performance of the“ MissForest” algorithm [21]. Before building
machine learning models, all patients with primary breast
lymphoma were randomly divided into a training set and a
testing set, at an 80:20 ratio. In our study, 8 machine learning
algorithmswere used, including K-nearest neighbor, CatBoost,
decision tree, random forest method, Gradient Boost,
LightGBM, support vector machine, and XGBoost models. A
10-foldinternal cross-validation was used to identify the optimal
parameters, which provided the highest degree of accuracy in
each model. Subsequently, the performance of all machine
learning algorithmswas evaluated in atesting set, and evaluation
measures consi sted of accuracy, precision, sensitivity, F1 score,
and area under the receiver operating characteristic curve
(AUC). The contribution of each element to the machine
learning model was eval uated by using featureimportance based
on the package of “partial_dependence.” Python (version 3.8;
Python Software Foundation) was used in these processes.
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Figure 1. Theflowchart of machine learning development process. AUC: area under the curve.
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Results

Baseline Characteristics of Patients

The baseline clinical characteristics of the patients are shown
in Table 1. Overal, a total of 1251 eligible patients were
enrolled in our study. Among the patients, 540 (43.2%) were
<65 yearsand 711 (56.8%) were>65 years. A total of 31 (2.5%)
patients had tumorsin the bilateral, and 1220 (97.5%) patients
had tumors in the unilateral. The Ann Arbor stages were
distributed as follows: 976 (78%) cases were stage | and 275

https://publichealth.jmir.org/2023/1/e45455
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(22%) cases were stage IlI. DLBCL was the most common
histologic type of PBL followed by MALT and follicular
lymphoma (FL ), accounting for 43.4%. In addition, the enrolled
patients were not inclined to accept local therapy, including
surgery (no surgery vs breast-conserving and mastectomy:
n=656, 52.4% vs n=369, 29.5%) and radiotherapy (no radiation
vs radiation: n=1031, 82.4% vs n=220, 17.6%), while the
percentage of patients in no chemotherapy and chemotherapy
was about the same (no chemotherapy vs chemotherapy: n=656,
52.4% vs n=595, 47.6%).
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Table 1. Baseline characteristics of primary breast lymphoma.
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Characteristics

Patients (N=1251), n (%)

Age (years)
<65
>65

Race
White
Black

Other?®
Marital status
Married

Not married®
Laterality
Unilateral
Bilateral
Year of diagnosis
1983-1990
1991-1998
1999-2006
2007-2015
Primary site
Axillary tail
Central portion
Inner quadrant
Lower-inner quadrant
L ower-outer quadrant
Nipple
Overlapping lesion
Upper-outer quadrant
NA®
Histologic type
pLecL?
MALT®
cLu/siLf
FLY
ALcLM

Other’
NA
Ann arbor stage
|
I
Surgery approach

540 (43.2)
711 (56.8)

1016 (81.2)
104 (8.3)
131 (10.5)

633 (50.6)
618 (49.4)

1220 (97.5)
31(2.5)

71(6)
166 (13.3)
401 (32.1)
613 (49)

19 (1.5)
74.(6)
77(6.2)
49 (3.9)
52 (4.2)
9(2)
223(17.8)
309 (24.7)
439 (35.1)

543 (43.4)
241 (19.3)
58 (4)
192 (15.3)
27(2)
50 (4)

140 (11.2)

976 (79)
275 (22)
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Characteristics

Patients (N=1251), n (%)

No surgery

BCY

Mastectomy

NA
Radiation status

No

Yes
Chemotherapy status

No

Yes

656 (52.4)
333(26.6)
36 (3)

226 (18.1)

1031 (82.4)
220 (17.6)

656 (52.4)
595 (47.6)

80ther includes American Indian/Alaskan Native, Asian/Pacific Idander, and unknown.
BNot married includes divorced, separated, single (never married), unmarried or domestic partner, and widowed.

°NA: not available.

dDLBCL: diffuse large B-cell lymphoma.

EMALT: mucosa-associated lymphoid tissue.

feLL/SLL: chronic lymphocytic leukemia/small lymphocytic lymphoma.
9FL: follicular lymphoma.

haLCL: anaplastic large cell lymphoma.

'Other includes anaplastic large cell lymphoma, angioimmunoblastic T-cell lymphoma, Burkitt lymphoma, extranodal NK-/T-cell lymphoma, nasal
type, Mantle cell lymphoma, peripheral T-cell lymphoma, precursor B-lymphoblastic lymphoma, subcutaneous panniculitis-like T-cell lymphoma, T

lymphoblastic |eukemia/lymphoma.
JBCS: breast-conserving surgery.

Incidence of Breast Lymphoma

The annual percentage change and AAPC for patients with
primary breast lymphoma by age and race from 1975 to 2019
are reported in Table 2 and Figure 2. The results demonstrate
a remarkable AAPC growth trend of 0.8 (95% CI 0.1-1.5) of
patients with primary breast lymphoma during the period 1975
to 2019. The incidence of PBL appears to have aturning point
around 2004. From 1975 to 2004, an upward trend was observed,
followed by a decline from 2004 to 2019 (AAPC=-0.8; 95%
Cl -1.1t0 -0.6). The AAPC of the =65 years cohort was about

https://publichealth.jmir.org/2023/1/e45455
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1.2 higher than that for the <65 years cohort, which revealed
that theincidence of PBL increased slowly with increasing age.
The AAPC of White patientsis 0.9 (95% CI 0.0-1.8), whilethat
of Black patients was significantly higher at 2.1 (95% CI -2.5
to 6.9). Generally, the PBL incidence substantially increased
for the White population between 1975 and 2004 followed by
adownward trend for the period between 2004 and 2019. The
Black patient cohort also has asimilar trend; however, the peak
was in 2002 and the incidence has declined noticeably dlower
than for White patients.
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Table 2. Trendsin age-standardized incidence rates of primary breast lymphomain 1975-2019.
Model  Age=65 (years) Age <65 (years) White Black Overall
Year APC2 Year APC (95% Year APC (95%  Year APC (95%  Year APC (95%
(95% Cl) &) &) &) ®)
Trend1 1975-1979 4 4b (0.8t0 1975-1978 -24(-7.9 1975-1992 ,3b (2.0to 1975-1990 g gb (2.8t0 1975-1978 0.9 (-4.0to
8.0) t03.3) 2.6) 7.9) 5.9
Trend2 1979-1990 ,gb (19to 1978-1988 5 gb (L7t0 1992-1995 -0.7(-7.5t0 1990-1993 -3.1(-34.3 1978-1988 o 4b (1.9to
3.2) 3.6) 6.7) to 43.1) 3.5)
Trend3 1990-2004 1 5b (0.8t0 1988-1998 1 b (0.2t0 1995-1998 35(-3.5t0 1993-1996 59(-25.8t0 1988-1998 1 3b (0.6t0
1.5) 1.8) 10.9) 51.1) 1.9)
Trend4 2004-2009 0.2(-1.8to 1998-2001 -1.4(-9.4 1998-2001 -1.9(-83to 1996-1999 -4.7(-31.6 1998-2001 -0.7(-7.0to
2.2) t07.3) 5.0) t0 32.7) 6.1)
Trend5 2009-2012 -2.0(-7.9 2001-2004 2.8(-5.1to 2001-2004 3.5(-24to 1999-2002 9.5(-20.0to 2001-2004 2.7 (-3.6to
to 4.3) 11.4) 9.7) 49.9) 9.4)
Trend6 2012-2019 -0.6(-1.3 2004-2019 _qqb (-13 2004-2019 _qgP (-12 2002-2019 -05(-1.3t0 2004-2019 _qgb (-11
t00.2) t00.6) t00.7) 04) t0 0.6)
¢ 1975-2019 b 1975-2019 04(-0.5to 1975-2019 0.9(0.0to  1975-2019 2.1(-25to 1975-2019 b
AAPC 1.27(0.6t0 0.8°(0.1t0
1.8) 1.3) 1.8) 6.9) 1.5)

8APC: annual percentage change.
bsj gnificantly different from 0 at a=.05 (P<.05). There are 5 joinpoints for each model.
CAAPC: average annual percent change.
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Figure 2. Trend in the incidence of primary breast lymphoma from 1975 to 2019: (A) Overdl; (B) Age =65 (years); (C) Age <65 (years); (D) White;
and (E) Black. *Indicates that the APC is significantly different from O at a=.05 level. Final selected model: 2 joinpoints. APC: annual percent change.
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Survival Analysis

The median follow-up time for enrolled patients was 106
months. The Kaplan-Meier curves of OS and DSS based on
different baselines in demographic and clinical characteristics
are shown in Figures 3 and 4. In our analysis, patients older
than 65 years had a noticeably poorer prognosis than younger,
which indicated age was an important prognosis factor. The
Kaplan-Meier curves for the time period of disease diagnosis
areshown in Figure 3E and Figure 4E, the period between 2007
and 2015 was far superior to other time periods. Patients with
diffuse large B-cell lymphoma have shorter survival periods
compared with other histologic types. Lower Ann Arbor stage
(stagel) at diagnosis patients demonstrated a distinctive survival
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benefit over those with higher Ann Arbor stage (stage I1). The
primary sitein the breast could also influence the prognosis of
PBL, as patients with a central portion or nipple neoplasm had
apoorer prognosisthan patientswhose primary tumor siteswere
in other breast quadrants. The actual laterality of the primary
site (bilateral or unilateral) and race did not appear to berelated
to the prognosis. In terms of therapeutic approaches,
breast-conserving surgery and radiotherapy had better OS and
DSS.

The univariate Cox regression analysis for each variable is
shown in Multimedia Appendix 1. The result of multivariate
analysis shown in Table 3 revealed that age, marital status, year
of diagnosis, histologic type, Ann Arbor stage, and radiation
status were independent prognosis factors. Patients who are
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older at the time of diagnosis have a higher risk of death than
those who are younger (OS: HR 3.458, 95% CI 2.766-4.323,
P<.001; DSS: HR 1.997, 95% ClI 1.511-2.639, P<.001,
respectively). In terms of marital status, married women had a
significant survival advantage (OS. HR 1.549, 95% CI
1.294-1.854, P<.001; DSS: HR 1.462, 95% Cl 1.140-1.874,
P=.003, respectively). The patients diagnosed between 2007
and 2015 had a significant risk reduction in mortality than those
who were diagnosed between 1983 and 1990 (OS: HR 0.536,
95% ClI 0.312-0.919, P=.02; DSS: HR 0411, 95% CI
0.199-0.849, P=.02, respectively). Histological type is one of
the fundamental features to describe PBL. Patients with
mucosa-associated lymphoid tissue, chronic lymphocytic
leukemia/small lymphocytic lymphoma (CLL/SLL), and FL
had a significant OS and DSS advantage than DLBCL (MALT
vsDLBCL: OS, HR 0.396, 95% CIl 0.287-0.546, P<.001; DSS:
HR 0.197, 95% CI 0.111-0.348, P<.001; CLL/SLL vsDLBCL:
OS, HR 0.448, 95% CI 0.290-0.694, P<.001; DSS, HR 0.125,

https://publichealth.jmir.org/2023/1/e45455
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95% CI 0.045-0.345, P<.001; FL vs DLBCL: OS, HR 0.519,
95% Cl 0.392-0.686, P<.001; DSS, HR 0.396, 95% CI
0.265-0.593, P<.001). Patients with a higher Ann Arbor stage
(stage I1) at diagnosis had a higher hazard of death than those
with alower stage (stage l) at diagnosis, which yielded an HR
of 1.414 (95% Cl 1.146-1.744) in OS analysis. Radiation
lowered the risk of disease-specific mortality and all-cause
mortality (OS: HR 0.709, 95% CI 0.551-0.913, P=.008; DSS:
HR 0.620, 95% Cl 0.430-0.893, P=.01, respectively). However,
no significant difference both in OS and DSS level was detected
in patients who received surgery and chemotherapy compared
with those who did not (breast-conserving surgery vsno surgery:
OS, HR 1.050, 95% CI 0.808-1.364, P=.72; DSS, HR 0.948,
95% CI 0.640-1.404, P=.79; mastectomy vs no surgery: OS,
HR 1.036, 95% Cl 0.647-1.658, P=.88; DSS, HR 1.196, 95%
Cl 0.661-2.163, P=.55; chemotherapy vs no chemotherapy: OS,
HR 0.820, 95% CI 0.661-1.018, P=.07; DSS, HR 0.869, 95%
Cl 0.652-1.159, P=.34).
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Figure 3. Kaplan-Meier estimate of overall survival by subgroup analysis: (A) age, (B) race, (C) marital status, (D) laterality, (E) year of diagnosis;
(F) primary tumor site, (G) histology; (H) Ann Arbor stage, (I) surgery status, (J) radiation status, and (K) chemotherapy status. OS: overall survival.
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Figure 4. Kaplan-Meier estimate of disease-specific survival by subgroup anaysis: (A) age, (B) race, (C) marital status; (D) laterality; (E) year of
diagnosis, (F) primary tumor site; (G) histology, (H) Ann Arbor stage, (1) surgery status, (J) radiation status; and (K) chemotherapy status. DSS:
disease-specific survival.
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Table 3. Multivariate Cox proportional hazard model of disease-specific survival and overall survival in al patients.

Yuet a

Variables DSS? os°
HR® (95% Cl) P value HR (95% ClI) P value

Age (years)

<65 Reference _d Reference —

=65 1.997 (1.511-2.639) <.001°¢ 3.458 (2.766-4.323) <.001
Race

White Reference — Reference —

Black 0.978 (0.575-1.662) .93 0.932 (0.632-1.375) .72

Other' 1.044 (0.720-1.515) 82 0.999 (0.751-1.329) >.99
Marital status

Married Reference — Reference —

Not married? 1.462 (1.140-1.874) 003 1.549 (1.294-1.854) <.001
L aterality

Unilateral Reference — Reference —

Bilateral 1.179 (0.537-2.592) .68 0.863 (0.464-1.603) .64
Year of diagnosis

1983-1990 Reference — Reference —

1991-1998 0.975 (0.645-1.474) .90 0.810 (0.592-1.107) 19

1999-2006 0.604 (0.299-1.216) .16 0.610 (0.361-1.032) .07

2007-2015 0.411 (0.199-0.849) .02 0.536 (0.312-0.919) .02
Primary site

Axillary tail Reference — Reference —

Central portion 1.812 (0.425-7.730) 42 1.371 (0.538-3.496) 51

Inner quadrant 1.370 (0.305-6.145) 68 0.866 (0.325-2.306) 77

Lower-inner quadrant 0.927 (0.185-4.642) .93 1.027 (0.376-2.807) .96

L ower-outer quadrant 0.718 (0.143-3.596) 69 0.770 (0.275-2.157) 62

Nipple 2.123 (0.375-12.010) 40 1.848 (0.547-6.249) 32

Overlapping lesion 1.022 (0.244-4.272) .98 1.018 (0.411-2.525) 97

Upper-outer quadrant 1.398 (0.339-5.764) 64 1.301 (0.529-3.199) 57

NAD 1.222 (0.298-5.012) .78 0.995 (0.405-2.441) .99
Histologic type

DLBCL! Reference — Reference —

MALT 0.197 (0.111-0.348) <.001 0.396 (0.287-0.546) <.001

CLL/SLLK 0.125 (0.045-0.345) <.001 0.448 (0.290-0.694) <.001

=L 0.396 (0.265-0.593) <.001 0.519 (0.392-0.686) <.001

ALCLM 0.234 (0.057-0.967) .045 0.409 (0.165-1.013) .05

Other” 1.133 (0.673-1.908) 64 1.357 (0.919-2.005) 13

NA 0.556 (0.373-0.830) .004 0.659 (0.492-0.882) .005

Ann Arbor stage
I

Reference

Reference

https://publichealth.jmir.org/2023/1/e45455

RenderX

JMIR Public Health Surveill 2023 | vol. 9 | e45455 | p. 12

(page number not for citation purposes)


http://www.w3.org/Style/XSL
http://www.renderx.com/

JMIR PUBLIC HEALTH AND SURVEILLANCE Yueta
Variables DSS? osb
HR® (95% Cl) P value HR (95% ClI) P value

I 1.847 (1.412-2.416) <.001 1.414 (1.146-1.744) .001
Surgery approach

No surgery Reference — Reference —

BCS? 0.948 (0.640-1.404) .79 1.050 (0.808-1.364) 72

Mastectomy 1.196 (0.661-2.163) .55 1.036 (0.647-1.658) .88

NA 1.386 (0.760-2.528) .29 1.319 (0.839-2.075) .23
Radiation status

No Reference — Reference —

Yes 0.620 (0.430-0.893) 01 0.709 (0.551-0.913) .008
Chemotherapy status

No Reference — Reference —

Yes 0.869 (0.652-1.159) 34 0.820 (0.661-1.018) .07

3DSS: disease-specific survival.

bOS: overal survival.

®HR: hazard ratio.

INot applicable.

Cltalicsindicate statistical significance.

fOther includes American Indiar/Alaskan native, Asian/Pacific Islander, and unknown.
9Not married includes divorced, separated, single (never married), unmarried or domestic partner, and widowed.

PNA: not available.

'DLBCL: diffuse large B-cell lymphoma.

IMALT: mucosa-associated lymphoid tissue.

KCLL/SLL: chronic lymphocytic leukemia/small lymphocytic lymphoma.
IFL: follicular lymphoma.

MALCL: anaplastic large cell lymphoma.

"Other includes anaplastic large cell lymphoma; angioimmunoblastic T-cell lymphoma; Burkitt lymphoma; extranodal NK-/T-cell lymphoma, nasal
type; Mantle cell lymphoma; Peripheral T-cell lymphoma; Precursor B-lymphoblastic lymphoma; Subcutaneous panniculitis-like T-cell lymphoma; T

lymphoblastic leukemia/lymphoma.
OBCS: breast-conserving surgery.

Machine Learning—Based 5-Year Survival Prediction
in Patients With Primary Breast Lymphoma

We used a 1251-patient data set for training 8 machine learning
models to predict the 5-year survival after PBL diagnosis. The
performance of these 8 algorithmsis presented in detail in Table
4. The resulting confusion matrix is shown in Multimedia
Appendix 2. For thetest data set, the sensitivitieswere K-nearest
neighbor model (0.624), Catboost model (0.736), decision tree
model (0.736), random forest model (0.720), gradient booster
model (0.752), LightGBM model (0.712), support vector
machine model (0.696), and X GBoost mode (0.728). The AUCs
wereK-nearest neighbor model (0.735), Catboost model (0.829),
decision tree model (0.667), random forest model (0.817),

https://publichealth.jmir.org/2023/1/e45455

RenderX

gradient booster model (0.817), LightGBM model (0.814),
support vector machine model (0.761), and XGBoost model
(0.811). The receiver operating characteristic curves of the 8
models are shown in Figure 5. Due to the design of our study,
we focused primarily on testing the sensitivity of patients at
high risk of experiencing death in the fifth year. The gradient
booster model demonstrated the highest accuracy, precision,
sensitivity, and F1 score of all these 8 models; the model also
showsahigh AUC. Accordingly, the gradient booster algorithm
proved to be the most appropriate model for this study.
Multimedia Appendix 3 indicates the importance scores for
each variable used in the gradient booster, which suggested that
year of diagnosis, age, histologic type, and primary site were
the 4 most relevant variables to explain 5-year survival status.

JMIR Public Health Surveill 2023 | vol. 9 | e45455 | p. 13
(page number not for citation purposes)


http://www.w3.org/Style/XSL
http://www.renderx.com/

JMIR PUBLIC HEALTH AND SURVEILLANCE Yuetal

Table4. Model performance for the 5-year survival.

Algorithms Accuracy Precision Sensitivity  F1score AUC?
K-nearest neighbor 0.721 0.703 0.624 0.661 0.735
Catboost 0.757 0.767 0.736 0.751 0.829
Decision tree 0.669 0.648 0.736 0.689 0.667
Random forest 0.721 0.720 0.720 0.720 0.817
Gradient booster 0.765 0.770 0.752 0.761 0.817
LightGBM 0.745 0.761 0.712 0.736 0.814
Support vector machine 0.685 0.680 0.696 0.688 0.761
XGBoost 0.745 0.752 0.728 0.740 0.811

8AUC: area under the curve.
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Figure 5. Receiver operating characteristic curves for al models. ROCs for all models: (A) K-nearest neighbor; (B) Catboost; (C) decision tree; (D)
random Forest; (E) gradient booster; (F) LightGBM; (G) support vector machine; (H) XGBoost. ROC: receiver operating characteristic curve.
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: : downward trend around 2004. Our study isthefirst oneto report
Discussion this encouraging phenomenon. We al so devel oped and validated
Principal Findings novgl models based on machi ne learning algprithms for
predicting 5-year survival. In particular, the gradient booster
model achieved the most promising results in terms of AUC,
accuracy, precision, sensitivity, and F1 score.

To understand the changes in the incidence trend and survival
of patientswith primary breast lymphomaover thelast 40 years,
we conducted a large popul ation-based epidemiological study
with data from the SEER database. The results of our study ~PBL isacomparatively rareform of extranodal lymphoma, and
showed the overall incidence of PBL appeared to start a global reports about the incidence of PBL remain limited.
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According to the literature from 1975 to 2000, the overall
incidence of PBL had increased dramatically but has lately
stabilized [13]. Our resultsindicate asimilar trend. By extracting
datafrom 1975 to 2019 from the SEER database, we identified
an overall increase in the incidence of PBL during 1975-2004,
with a peak incidence rate in 2004. In comparison, a previous
article that estimated the non-Hodgkin lymphoma (NHL)
incidence for 185 countries in 2018 using the IARC's
GLOBOCAN database also showed an increasing trend in the
incidence of PBL until the 1990s and the stabilization or
decrease thereafter [22]. Genetic determinants, lifestyle, and
environmental factors have been considered as causes for NHL
[23]. Infections with hepatitis C virus, Epstein-Barr virus,
Helicobacter pylori, and HIV increase therisk of NHL, and the
reduced incidence of lymphoma can be partly explained by the
decrease in the incidence of virus infections and advances in
antiretroviral therapy [24-26]. In our study, we focused on the
possibleimpact of age and race on the incidence of disease. Our
data show that the AAPC in an older population was 3 times
higher than in ayounger population. Consistent with our results,
a report from Cancer Research UK indicated that a high
proportion of NHL diagnoses occurred in older people, with
the highest incidence in people aged 80 to 84 years [27]. Our
data revealed that the incidence of PBL increased slowly with
increasing age. In addition, race was al so significantly associated
with theincidencerate, asthe AAPC of Black peoplewasmuch
higher than that of White people. The apparent differencesin
the incidence of PBL by race may be related to the levels of
accessto health care, availability of diagnostic services, endemic
infections, and environmental factors [28]. In summary, this
preliminary finding suggests that future biologica and
epidemiological analyses on PBL should be stratified by age
and ethnic background.

Building up areliable way to predict the prognosis of patients
with primary breast lymphoma plays acrucial role in the early
determination of the treatment of patients with primary breast
lymphoma. Currently, we determine the prognosis for patients
with primary breast lymphoma mainly based on
clinicopathological characteristics; however, the limited data
cannot provide adequate information for cliniciansto deal with
this extremely complex disease. Although a study developed a
nomogram to predict the survival of PBL, Ann Arbor stage Il
and IV patients were al involved in their study, which may
affect the effectiveness of the model [1,2,15]. Additionally,
treatment approachesthat have acritical impact on the prognosis
of the diseaseincluding surgery, chemotherapy, and radiotherapy
were not incorporated into the model dueto thelack of statistical
significance[15]. These omissions make any conclusions highly
controversial. Machine learning is being widely used in the
medical field for disease diagnosis, prognosis, therapeutic
modality selection, and so on [29-31]. A machinelearning model
can automatically adjust the weight of the factors to make the
best use of the data. Our study used the 5-year survival of
patients with primary breast lymphoma as the predictive end
point, an important point for early determination of prognosis.
Theresults showed that the performance of the gradient booster
model was superior to that of all the other models and is
regarded as a promising model. Machine learning techniques
have also been used to predict the 5- and 10-year recurrence of
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invasive breast cancer. Massafraet a [32] enrolled 529 patients
with breast cancer from Italy, reaching good AUC values of
0.771and 0.763 for the recurrence prediction at 5 and 10 years.
There are 28 features associated with primary breast cancer
clinicopathological characteristics and treatment programs that
were used to train models, which are more detailed than our
cohort. Twenty-eight features were used because breast cancer
can provide more clinicopathological characteristics and have
more treatment methods than PBL. However, our established
gradient booster model shows a higher AUC value, which
reflects that it is still possible to train promising prediction
models, even with limited predictors.

The important features established with the gradient booster
model were the year of diagnosis, age, histologic type, and
primary site asthe 4 most rel evant variablesto explain the 5-year
survival status. The year of diagnosis was considered as the
most meaningful predictive prognostic factor, which suggested
that current treatments, probably in combination with newer
systemic treatments (likely rituximab), have improved the
control of thisdisease[13]. Rituximab was approved by the US
Food and Drug Administration for marketing in the United
States on November 26, 1997, and was a milestone for the
treatment of PBL. This may be an important factor in why our
results demonstrate a significant improvement in the prognosis
of patients with primary breast lymphoma after 1999. Age and
histologic type were confirmed as important prognosis factors
in the machine learning model, like other investigations
[3,15,33,34]. Undoubtedly, elderly PBL patients become
complicated by more comorbidities and poor drug tolerance or
physical condition, which may have a direct negative impact
on survival time [35,36]. In accordance with the past research,
different histologic types demonstrated dramatic survival
differences, which can be partly due to some cell phenotypes
with a high proliferation feature and association with a poor
treatment response [33,34,37]. Interestingly, the primary site
of PBL is thought to be an important predictive prognostic
featurein the gradient booster model, which was never reported
or analyzed by other series. There are significant differencesin
the primary site of PBL, a cohort found PBL predisposes to
locate in the upper outer quadrant, which is also confirmed in
our study [18]. Our Kaplan-Meier survival curves across
different primary sites suggested that the central portion and
nipple site have worse outcomes. This may be explained by the
anatomy of breast lymphatic drainage. The subareolar plexus
collects lymphatics originating from breast parenchyma, and
then they drain to the lymph nodes of the axilla. Additionally,
the deep lymphatic channels connect to the superficial cutaneous
lymphatic plexus, especially in the subareolar plexus around
the nipple[38,39]. The primary site of central portion or nipple
may be prone to be present with lymphatic vessel invasion,
causing a poor prognosis, however, this needs further study in
future trials or experimental research.

Our study providesinformation on the incidence and prognostic
factors over the last 40 yearsinvolving a sufficient ssmple size.
In addition, thefirst prognostic model for patients with primary
breast lymphoma based on a machine learning algorithm was
performed for clinical use. We are confident that we have built
apredictive model with agood performance, and it can provide

JMIR Public Health Surveill 2023 | vol. 9 | e45455 | p. 16
(page number not for citation purposes)


http://www.w3.org/Style/XSL
http://www.renderx.com/

JMIR PUBLIC HEALTH AND SURVEILLANCE

physicians with an easy-to-access predictive tool and facilitate
amore personalized follow-up strategy, management strategies,
and patient care for patients with primary breast lymphoma.
The model may help to identify patients who are at a higher
risk of a poor outcome and will require more aggressive
treatment. However, there are some limitations to our study.
Dueto limited information from the SEER database, we did not
include variables such as biomarkers, chemotherapy regimen,
radiotherapy dosing, and targeted drugsin our model. Therefore,
when interpreting the results, caution should be used. Further,
the database may not capture all relevant patient outcomes
including the frequency of central nervous system recurrence,
which might potentially affect the interpretation of our results.
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In addition, the models generated in this study have not been
verified in an external validation cohort. In order to achievethis
objective, we are collecting related case information to establish
a database.

Conclusions

The incidence of PBL started demonstrating a tendency to
decrease after 2004, which varied by age and race. In recent
years, the prognosis of PBL has been remarkably improved.
The gradient booster model had apromising performance. This
model can help cliniciansidentify the prognosis of patientswith
primary breast lymphoma early and therefore improve clinical
outcomes by changing management strategies and patient health
care.

This study was sponsored by Fujian provincial health technology project (2021GG01010074).

Data Availability

The data sets generated and analyzed during this study are available in the Surveillance, Epidemiology, and End Results (SEER)

database [40].

Authors Contributions

CSand YY conceived the study design. Y'Y, ZX, and TS participated in performing data cleaning and statistical analysis. Y,
KH, and RC wrote the original draft. JZ, HH, and CS were responsible for resources and supervision. XY and CS edited the
manuscript. JZ, HH, and CS are the corresponding authors for this paper.

Conflicts of Interest
None declared.

Multimedia Appendix 1

Univariate Cox proportional hazard model of disease-specific survival and overall survival in all patients.

[DOCX File, 23 KB-Multimedia Appendix 1]

Multimedia Appendix 2

Confusion matrix of 8 algorithms for the 5-year survival status.
[DOCX File, 17 KB-Multimedia Appendix 2]

Multimedia Appendix 3

Feature importance of the gradient booster model.
[PNG File, 15 KB-Multimedia Appendix 3]

References

1.  Wiseman C, Liao KT. Primary lymphoma of the breast. Cancer 1972;29(6):1705-1712 [FREE Full text] [doi:
10.1002/1097-0142(197206)29:6<1705::aid-cncr2820290640>3.0.¢c0;2-i] [Medline: 4555557)

2. Ryan G, Martinelli G, Kuper-Hommel M, Tsang R, Pruneri G, Yuen K, International Extranodal Lymphoma Study Group.
Primary diffuse large B-cell lymphoma of the breast: prognostic factors and outcomes of a study by the International
Extranoda Lymphoma Study Group. Ann Oncol 2008;19(2):233-241 [FREE Full text] [doi: 10.1093/annonc/mdm471]

[Medline: 17932394]

3. AvivA, Tadmor T, Polliack A. Primary diffuse large B-cell lymphoma of the breast: looking at pathogenesis, clinical issues
and therapeutic options. Ann Oncol 2013;24(9):2236-2244 [FREE Full text] [doi: 10.1093/annonc/mdt192] [Medline:

23712546]

4.  Cheah CY, Campbell BA, Seymour JF. Primary breast lymphoma. Cancer Treat Rev 2014;40(8):900-908 [FREE Full text]

[doi: 10.1016/j.ctrv.2014.05.010] [Medline: 24953564]

https://publichealth.jmir.org/2023/1/e45455

JMIR Public Health Surveill 2023 | vol. 9 | e45455 | p. 17
(page number not for citation purposes)


https://jmir.org/api/download?alt_name=publichealth_v9i1e45455_app1.docx&filename=9dd9debd8fe992d2207d5488e30c64bc.docx
https://jmir.org/api/download?alt_name=publichealth_v9i1e45455_app1.docx&filename=9dd9debd8fe992d2207d5488e30c64bc.docx
https://jmir.org/api/download?alt_name=publichealth_v9i1e45455_app2.docx&filename=9487a8ffdd76badbd253ecdd832b0dd8.docx
https://jmir.org/api/download?alt_name=publichealth_v9i1e45455_app2.docx&filename=9487a8ffdd76badbd253ecdd832b0dd8.docx
https://jmir.org/api/download?alt_name=publichealth_v9i1e45455_app3.png&filename=23822e99de7d98380dd98a3e40344f5b.png
https://jmir.org/api/download?alt_name=publichealth_v9i1e45455_app3.png&filename=23822e99de7d98380dd98a3e40344f5b.png
https://acsjournals.onlinelibrary.wiley.com/doi/10.1002/1097-0142(197206)29:6%3C1705::AID-CNCR2820290640%3E3.0.CO;2-I
http://dx.doi.org/10.1002/1097-0142(197206)29:6<1705::aid-cncr2820290640>3.0.co;2-i
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=4555557&dopt=Abstract
https://www.annalsofoncology.org/article/S0923-7534(19)41338-0/fulltext
http://dx.doi.org/10.1093/annonc/mdm471
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=17932394&dopt=Abstract
https://www.annalsofoncology.org/article/S0923-7534(19)36936-4/fulltext
http://dx.doi.org/10.1093/annonc/mdt192
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23712546&dopt=Abstract
https://www.cancertreatmentreviews.com/article/S0305-7372(14)00110-8/fulltext
http://dx.doi.org/10.1016/j.ctrv.2014.05.010
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24953564&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/

JMIR PUBLIC HEALTH AND SURVEILLANCE Yuetal

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24,

25.

26.

JiaY, Sun C, Liu Z, Wang W, Zhou X. Primary breast diffuse large B-cell lymphoma: a popul ation-based study from 1975
to 2014. Oncotarget 2018;9(3):3956-3967 [FREE Full text] [doi: 10.18632/oncotarget.23285] [Medline: 29423097]

Guo HY, Zhao XM, Li J, Hu XC. Primary non-Hodgkin's lymphoma of the breast: eight-year follow-up experience. Int J
Hematol 2008;87(5):491-497 [FREE Full text] [doi: 10.1007/s12185-008-0085-4] [Medline: 18414980]

Giardini R, Piccolo C, Rilke F. Primary non-Hodgkin'slymphomas of the female breast. Cancer 1992;69(3):725-735 [FREE
Full text] [doi: 10.1002/1097-0142(19920201)69:3<725::aid-cncr2820690320>3.0.c0; 2-c] [Medline: 1730123]

LiuMT, Hsieh CY, Wang AY, Pi CP, Chang TH, Huang CC, et al. Primary breast lymphoma: apooled analysis of prognostic
factorsand survival in 93 cases. Ann Saudi Med 2005;25(4):288-293 [ FREE Full text] [doi: 10.5144/0256-4947.2005.288]
[Medline: 16212120]

Pérez FF, LaverniaJ, Aguiar-Bujanda D, Miramén J, Guma J, Alvarez R, et al. Primary breast lymphoma: analysis of 55
cases of the Spanish lymphoma oncology group. Clin Lymphoma Myeloma Leuk 2017;17(3):186-191 [FREE Full text]
[doi: 10.1016/j.clml.2016.09.004] [Medline; 27847267]

Kewan T, Covut F, Ahmed R, Haddad A, Daw H. Clinical characteristics and outcomes of primary breast lymphoma: the
Cleveland clinic experience. Cureus 2020;12(6):e8611 [FREE Full text] [doi: 10.7759/cureus.8611] [Medline: 32676248]
Takahashi H, Sakai R, Sakuma T, Matsumura A, MiyashitaK, Ishii Y, et al. Comparison of clinical features between
primary and secondary breast diffuse large B cell lymphoma: a Yokohama cooperative study group for hematology
multicenter retrospective study. Indian J Hematol Blood Transfus 2021;37(1):60-66 [FREE Full text] [doi:
10.1007/s12288-020-01307-7] [Medline: 33707836]

MouraC, Leite MI, Parreira R, Medeiros A. Primary breast lymphoma. J Surg Case Rep 2020;2020(1):rjz405 [FREE Full
text] [doi: 10.1093/jscr/rjz405] [Medline: 31976067]

Thomas A, Link BK, Altekruse S, Romitti PA, Schroeder MC. Primary breast lymphomain the United States: 1975-2013.
JNatl Cancer Inst 2017;109(6):djw294 [FREE Full text] [doi: 10.1093/jnci/djw294] [Medline: 28376147]

Lyou CY, Yang SK, Choe DH, Lee BH, Kim KH. Mammaographic and sonographic findings of primary breast lymphoma.
Clin Imaging 2007;31(4):234-238 [FREE Full text] [doi: 10.1016/j.clinimag.2007.02.028] [Medline: 17599616]

PengF, LiJ,MuS Ca L, FanF QinY, et a. Epidemiological features of primary breast lymphoma patients and devel opment
of anomogram to predict survival. Breast 2021;57:49-61 [FREE Full text] [doi: 10.1016/].breast.2021.03.006] [Medline:
33774459

Jennings WC, Baker RS, Murray SS, Howard CA, Parker DE, Peabody LF, et a. Primary breast lymphoma: the role of
mastectomy and the importance of lymph node status. Ann Surg 2007;245(5):784-789 [FREE Full text] [doi:
10.1097/01.51a.0000254418.90192.59] [Medline: 17457172]

FooMY, Lee WP, Seah CMJ, Kam C, Tan SM. Primary breast lymphoma: asingle-centre experience. Cancer Rep (Hoboken)
2019;2(1):€1140 [FREE Full text] [doi: 10.1002/cnr2.1140] [Medline: 32721093]

Picasso R, Tagliafico A, Calabrese M, Martinoli C, PistoiaF, Rossi A, et a. Primary and secondary breast lymphoma:
focus on epidemiology and imaging features. Pathol Oncol Res 2020;26(3):1483-1488 [FREE Full text] [doi:
10.1007/s12253-019-00730-0] [Medline: 31428995]

Goda JS, Gospodarowicz M, Pintilie M, Wells W, Hodgson DC, Sun A, et al. Long-term outcome in localized extranodal
mucosa-associated lymphoid tissue lymphomas treated with radiotherapy. Cancer 2010;116(16):3815-3824 [FREE Full
text] [doi: 10.1002/cncr.25226] [Medline: 20564130]

Wilder RB, Jones D, Tucker SL, Fuller LM, Ha CS, McLaughlin P, et al. Long-term results with radiotherapy for stage
[-11 follicular lymphomas. Int J Radiat Oncol Biol Phys 2001;51(5):1219-1227 [FREE Full text] [doi:
10.1016/s0360-3016(01)01747-3] [Medline: 11728680]

Tang F, Ishwaran H. Random forest missing data algorithms. Stat Anal Data Min 2017;10(6):363-377 [FREE Full text]
[doi: 10.1002/sam.11348] [Medline: 29403567]

Miranda-Filho A, Pifieros M, Znaor A, Marcos-Gragera R, Steliarova-Foucher E, Bray F. Global patterns and trends in the
incidence of non-Hodgkin lymphoma. Cancer Causes Control 2019;30(5):489-499 [FREE Full text] [doi:
10.1007/s10552-019-01155-5] [Medline: 30895415]

Morton LM, Slager SL, Cerhan JR, Wang SS, Vajdic CM, Skibola CF, et al. Etiologic heterogeneity among non-Hodgkin
lymphoma subtypes: the InterLymph non-Hodgkin lymphoma subtypes project. J Natl Cancer Inst Monogr
2014;2014(48):130-144 [FREE Full text] [doi: 10.1093/jncimonographs/Igu013] [Medline: 25174034]

Plummer M, de Martel C, Vignat J, Ferlay J, Bray F, Franceschi S. Global burden of cancers attributable to infectionsin
2012: asynthetic analysis. Lancet Glob Health 2016;4(9):e609-e616 [FREE Full text] [doi: 10.1016/S2214-109X(16)30143-7]
[Medline: 27470177]

Gibson TM, Morton LM, Shiels MS, Clarke CA, Engels EA. Risk of non-Hodgkin lymphoma subtypes in HIV-infected
people during the HAART era: a population-based study. AIDS 2014;28(15):2313-2318 [FREE Full text] [doi:
10.1097/QA D.0000000000000428] [Medline: 25111081]

Marcos-Gragera R, Pollan M, Chirlague MD, Guma J, Sanchez MJ, Garau |, Non-Hodgkin's Lymphoma Working Group.
Attenuation of the epidemic increasein non-Hodgkin'slymphomasin Spain. Ann Oncol 2010;21(Suppl 3):iii90-iii96 [FREE
Full text] [doi: 10.1093/annonc/mdg088] [Medline: 20427366]

https://publichealth.jmir.org/2023/1/e45455 JMIR Public Health Surveill 2023 | vol. 9 | e45455 | p. 18

(page number not for citation purposes)


https://www.oncotarget.com/article/23285/text/
http://dx.doi.org/10.18632/oncotarget.23285
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29423097&dopt=Abstract
https://link.springer.com/article/10.1007/s12185-008-0085-4
http://dx.doi.org/10.1007/s12185-008-0085-4
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=18414980&dopt=Abstract
https://acsjournals.onlinelibrary.wiley.com/doi/10.1002/1097-0142(19920201)69:3%3C725::AID-CNCR2820690320%3E3.0.CO;2-C
https://acsjournals.onlinelibrary.wiley.com/doi/10.1002/1097-0142(19920201)69:3%3C725::AID-CNCR2820690320%3E3.0.CO;2-C
http://dx.doi.org/10.1002/1097-0142(19920201)69:3<725::aid-cncr2820690320>3.0.co;2-c
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=1730123&dopt=Abstract
https://www.annsaudimed.net/doi/10.5144/0256-4947.2005.288
http://dx.doi.org/10.5144/0256-4947.2005.288
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=16212120&dopt=Abstract
https://www.clinical-lymphoma-myeloma-leukemia.com/article/S2152-2650(16)30560-2/fulltext
http://dx.doi.org/10.1016/j.clml.2016.09.004
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27847267&dopt=Abstract
https://www.cureus.com/articles/32786-clinical-characteristics-and-outcomes-of-primary-breast-lymphoma-the-cleveland-clinic-experience#!/
http://dx.doi.org/10.7759/cureus.8611
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32676248&dopt=Abstract
https://link.springer.com/article/10.1007/s12288-020-01307-7
http://dx.doi.org/10.1007/s12288-020-01307-7
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33707836&dopt=Abstract
https://academic.oup.com/jscr/article/2020/1/rjz405/5706871?login=false
https://academic.oup.com/jscr/article/2020/1/rjz405/5706871?login=false
http://dx.doi.org/10.1093/jscr/rjz405
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31976067&dopt=Abstract
https://academic.oup.com/jnci/article/109/6/djw294/3071263?login=false
http://dx.doi.org/10.1093/jnci/djw294
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28376147&dopt=Abstract
https://www.clinicalimaging.org/article/S0899-7071(07)00061-7/fulltext
http://dx.doi.org/10.1016/j.clinimag.2007.02.028
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=17599616&dopt=Abstract
https://www.thebreastonline.com/article/S0960-9776(21)00345-3/fulltext
http://dx.doi.org/10.1016/j.breast.2021.03.006
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33774459&dopt=Abstract
https://journals.lww.com/annalsofsurgery/Abstract/2007/05000/Primary_Breast_Lymphoma__The_Role_of_Mastectomy.17.aspx
http://dx.doi.org/10.1097/01.sla.0000254418.90192.59
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=17457172&dopt=Abstract
https://onlinelibrary.wiley.com/doi/epdf/10.1002/cnr2.1140
http://dx.doi.org/10.1002/cnr2.1140
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32721093&dopt=Abstract
https://link.springer.com/article/10.1007/s12253-019-00730-0
http://dx.doi.org/10.1007/s12253-019-00730-0
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31428995&dopt=Abstract
https://acsjournals.onlinelibrary.wiley.com/doi/10.1002/cncr.25226
https://acsjournals.onlinelibrary.wiley.com/doi/10.1002/cncr.25226
http://dx.doi.org/10.1002/cncr.25226
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=20564130&dopt=Abstract
https://www.redjournal.org/article/S0360-3016(01)01747-3/fulltext
http://dx.doi.org/10.1016/s0360-3016(01)01747-3
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=11728680&dopt=Abstract
https://onlinelibrary.wiley.com/doi/10.1002/sam.11348
http://dx.doi.org/10.1002/sam.11348
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29403567&dopt=Abstract
https://link.springer.com/article/10.1007/s10552-019-01155-5
http://dx.doi.org/10.1007/s10552-019-01155-5
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30895415&dopt=Abstract
https://academic.oup.com/jncimono/article/2014/48/130/942634?login=false
http://dx.doi.org/10.1093/jncimonographs/lgu013
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25174034&dopt=Abstract
https://www.thelancet.com/journals/langlo/article/PIIS2214-109X(16)30143-7/fulltext
http://dx.doi.org/10.1016/S2214-109X(16)30143-7
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27470177&dopt=Abstract
https://journals.lww.com/aidsonline/Fulltext/2014/09240/Risk_of_non_Hodgkin_lymphoma_subtypes_in.15.aspx
http://dx.doi.org/10.1097/QAD.0000000000000428
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25111081&dopt=Abstract
https://www.annalsofoncology.org/article/S0923-7534(19)56983-6/fulltext
https://www.annalsofoncology.org/article/S0923-7534(19)56983-6/fulltext
http://dx.doi.org/10.1093/annonc/mdq088
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=20427366&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/

JMIR PUBLIC HEALTH AND SURVEILLANCE Yuetal

27.

28.

29.

30.

31.

32.

33.

35.

36.

37.

38.

39.

40.

Non-Hodgkin'slymphomastatistics. Cancer Research UK. 2018. URL : https:.//www.cancerresearchuk.org/heal th-professional/
cancer-statisti cs/stati sti cs-by-cancer-type/non-hodgkin-lymphoma [accessed 2019-01-21]

Ali MKM, Samhouri Y, Law JY, Khan C, Wegner R, Lee ST, et a. Patterns of treatment and their outcomes in primary
breast lymphoma; acomprehensive popul ation-based analysis. Breast Cancer 2022;29(6):1022-1031 [ FREE Full text] [doi:
10.1007/s12282-022-01382-w] [Medline: 35788963]

Huang W, Shang Q, Xiao X, ZhangH, Gu Y, Yang L, et al. Raman spectroscopy and machine learning for the classification
of esophageal squamous carcinoma. Spectrochim Acta A Mol Biomol Spectrosc 2022;281:121654 [FREE Full text] [doi:
10.1016/j.s8a.2022.121654] [Medline; 35878494]

Delen D, Walker G, Kadam A.. Predicting breast cancer survivability: a comparison of three data mining methods. Artif
Intell Med 2005;34(2):113-127 [FREE Full text] [doi: 10.1016/j.artmed.2004.07.002] [Medline: 15894176]

Demircioglu A. The effect of preprocessing filters on predictive performance in radiomics. Eur Radiol Exp 2022;6(1):40
[FREE Full text] [doi: 10.1186/s41747-022-00294-w] [Medline: 36045274]

MassafraR, Comes MC, Bove S, DidonnaV, Diotaiuti S, GiottaF, et al. A machine learning ensemble approach for 5-
and 10-year breast cancer invasive disease event classification. PLoS One 2022;17(9):e0274691 [FREE Full text] [doi:
10.1371/journal .pone.0274691] [Medline: 36121822]

Caon J, Wai ES, Hart J, Alexander C, Truong PT, Sehn LH, et al. Treatment and outcomes of primary breast lymphoma.
Clin Breast Cancer 2012;12(6):412-419 [FREE Full text] [doi: 10.1016/j.clbc.2012.07.006] [Medline: 23018097]
Talwalkar SS, Miranda RN, Valbuena JR, Routbort MJ, Martin AW, Medeiros LJ. Lymphomas involving the breast: a
study of 106 cases comparing localized and disseminated neoplasms. Am J Surg Pathol 2008;32(9):1299-1309 [ FREE Full
text] [doi: 10.1097/PAS.0b013e318165eb50] [Medline: 18636016]

Edwards BK, Noone AM, Mariotto AB, Simard EP, Boscoe FP, Henley SJ, et al. Annual report to the nation on the status
of cancer, 1975-2010, featuring prevalence of comorbidity and impact on survival among persons with lung, colorectal,
breast, or prostate cancer. Cancer 2014;120(9):1290-1314 [ FREE Full text] [doi: 10.1002/cncr.28509] [Medline: 24343171]
Mohile SG, Dale W, Somerfield MR, Hurria A. Practical assessment and management of vulnerabilitiesin older patients
receiving chemotherapy: ASCO guideline for geriatric oncology summary. J Oncol Pract 2018;14(7):442-446 [EREE Full
text] [doi: 10.1200/JOP.18.00180] [Medline: 29932846]

Yoshida S, Nakamura N, Sasaki Y, Yoshida S, YasudaM, SagaraH, et a. Primary breast diffuse large B-cell lymphoma
shows a non-germinal center B-cell phenotype. Mod Pathol 2005;18(3):398-405 [FREE Full text] [doi:
10.1038/modpathol.3800266] [Medline: 15492762]

Jesinger RA.. Breast anatomy for the interventionalist. Tech Vasc Interv Radiol 2014;17(1):3-9 [FREE Full text] [doi:
10.1053/j.tvir.2013.12.002] [Medline: 24636325]

Tanis PJ, Nieweg OE, Olmos RAV, Kroon BB. Anatomy and physiology of lymphatic drainage of the breast from the
perspective of sentinel node biopsy. JAm Coll Surg 2001;192(3):399-409 [FREE Full text] [doi:
10.1016/s1072-7515(00)00776-6] [Medline: 11245383]

Surveillance, Epidemiology, and End Results Program. URL : https://seer.cancer.gov/ [accessed 2023-05-31]

Abbreviations

AAPC: average annual percent change

AUC: areaunder the curve

DLBCL: diffuselarge B-cell lymphoma

DSS: disease-specific survival

HR: hazard ratio

MALT: mucosa-associated lymphoid tissue

NHL: non-Hodgkin lymphoma

OS: overdl survival

PBL: primary breast lymphoma

SEER: Surveillance, Epidemiology, and End Results

https://publichealth.jmir.org/2023/1/e45455 JMIR Public Health Surveill 2023 | vol. 9 | e45455 | p. 19

RenderX

(page number not for citation purposes)


https://www.cancerresearchuk.org/health-professional/cancer-statistics/statistics-by-cancer-type/non-hodgkin-lymphoma
https://www.cancerresearchuk.org/health-professional/cancer-statistics/statistics-by-cancer-type/non-hodgkin-lymphoma
https://link.springer.com/article/10.1007/s12282-022-01382-w
http://dx.doi.org/10.1007/s12282-022-01382-w
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=35788963&dopt=Abstract
https://www.sciencedirect.com/science/article/abs/pii/S1386142522008034?via%3Dihub
http://dx.doi.org/10.1016/j.saa.2022.121654
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=35878494&dopt=Abstract
https://www.sciencedirect.com/science/article/abs/pii/S0933365704001010?via%3Dihub
http://dx.doi.org/10.1016/j.artmed.2004.07.002
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=15894176&dopt=Abstract
https://eurradiolexp.springeropen.com/articles/10.1186/s41747-022-00294-w
http://dx.doi.org/10.1186/s41747-022-00294-w
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=36045274&dopt=Abstract
https://journals.plos.org/plosone/article?id=10.1371/journal.pone.0274691
http://dx.doi.org/10.1371/journal.pone.0274691
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=36121822&dopt=Abstract
https://www.clinical-breast-cancer.com/article/S1526-8209(12)00170-X/fulltext
http://dx.doi.org/10.1016/j.clbc.2012.07.006
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23018097&dopt=Abstract
https://journals.lww.com/ajsp/Fulltext/2008/09000/Lymphomas_Involving_the_Breast__A_Study_of_106.3.aspx
https://journals.lww.com/ajsp/Fulltext/2008/09000/Lymphomas_Involving_the_Breast__A_Study_of_106.3.aspx
http://dx.doi.org/10.1097/PAS.0b013e318165eb50
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=18636016&dopt=Abstract
https://acsjournals.onlinelibrary.wiley.com/doi/10.1002/cncr.28509
http://dx.doi.org/10.1002/cncr.28509
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24343171&dopt=Abstract
https://ascopubs.org/doi/10.1200/JOP.18.00180
https://ascopubs.org/doi/10.1200/JOP.18.00180
http://dx.doi.org/10.1200/JOP.18.00180
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29932846&dopt=Abstract
https://www.modernpathology.org/article/S0893-3952(22)04168-0/fulltext
http://dx.doi.org/10.1038/modpathol.3800266
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=15492762&dopt=Abstract
https://www.techvir.com/article/S1089-2516(13)00088-7/fulltext
http://dx.doi.org/10.1053/j.tvir.2013.12.002
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24636325&dopt=Abstract
https://journals.lww.com/journalacs/Citation/2001/03000/Anatomy_and_Physiology_of_Lymphatic_Drainage_of.16.aspx
http://dx.doi.org/10.1016/s1072-7515(00)00776-6
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=11245383&dopt=Abstract
https://seer.cancer.gov/
http://www.w3.org/Style/XSL
http://www.renderx.com/

JMIR PUBLIC HEALTH AND SURVEILLANCE Yuetal

Edited by A Mavragani, T Sanchez, submitted 02.01.23; peer-reviewed by F Gomez, S Han; comments to author 15.03.23; revised
version received 02.04.23; accepted 08.05.23; published 08.06.23

Please cite as:

Yu'Y, Xu Z, Shao T, Huang K, Chen R, Yu X, Zhang J, Han H, Song C

Epidemiology and a Predictive Model of Prognosis Index Based on Machine Learning in Primary Breast Lymphoma: Population-Based
Sudy

JMIR Public Health Surveill 2023;9: e45455

URL: https://publichealth.jmir.org/2023/1/e45455

doi: 10.2196/45455

PMID: 37169516

©Yushuai Yu, Zelin Xu, Tinglei Shao, Kaiyan Huang, Ruiliang Chen, Xiaogin Yu, Jie Zhang, Hui Han, Chuangui Song. Originally
published in IMIR Public Health and Surveillance (https://publichealth.jmir.org), 08.06.2023. This is an open-access article
distributed under the terms of the Creative Commons Attribution License (https:.//creativecommons.org/licenses/by/4.0/), which
permits unrestricted use, distribution, and reproduction in any medium, provided the original work, first published in IMIR Public
Health and Surveillance, is properly cited. The complete bibliographic information, a link to the origina publication on
https://publichealth.jmir.org, as well as this copyright and license information must be included.

https://publichealth.jmir.org/2023/1/e45455 JMIR Public Health Surveill 2023 | vol. 9 | e45455 | p. 20
(page number not for citation purposes)

RenderX


https://publichealth.jmir.org/2023/1/e45455
http://dx.doi.org/10.2196/45455
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=37169516&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/

