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Objective: Primary hepatic lymphoma (PHL) is a rare malignancy with lesions confined to the liver. It is charac-
terized by a large number of monomorphic, medium-sized lymphocytic infiltrates in the hepatic sinusoid. Due to
the rarity of this malignancy, our current understanding of PHL is limited.

Methods: We collected incidence, mortality, and clinical data of PHL patients diagnosed between 1975 and 2016
using the Surveillance, Epidemiology, and End Results (SEER) database. The annual percentage changes (APCs)
and prognoses were analyzed using the Joinpoint and R package.

Results: Among the 1,372 patients, white males were prevalent, and the most common histological subtype was
diffuse large B-cell lymphoma (DLBCL). The incidence and mortality rate of PHL was 0.075/100,000 person-
years and 0.055/100,000 person-years, respectively. The annual incidence rate of PHL increased significantly,
with an APC of 2.74% (P < 0.001). The 3- and 5-year overall survival (OS) rates of patients with PHL were
43.553% and 39.242%, respectively. The 3- and 5-year relative survival (RS) rates were 46.925% and 45.300%,
respectively. Multivariate Cox regression analysis revealed that older age, black, DLBCL, and advanced-stage
disease were independent predictors of unfavorable OS and RS. The C-index and receiver operating characteristic
(ROC) analysis confirmed the prognostic value of the nomograms established in this study.

Conclusion: The nomogram established in this study is a robust tool to predict the prognosis of PHL patients.

Introduction diameter; (3) diffuse or hepatomegaly, characterized by the absence

of distinct lesions. PHL often manifests as a solitary mass (42%) or

Primary hepatic lymphoma (PHL) is a lymphoproliferative dis-
ease originating from intrahepatic lymphatic and residual hematopoietic
tissues and is characterized by the absence of extrahepatic infiltration
[1]. PHL is a rare disease, accounting for 0.1% of all liver malignancies,
0.4% of extranodal non-Hodgkin lymphomas (NHLs), and 0.016% of all
NHLs [2,3].

PHL pathological features are similar to those of common liver
tumors and can be broadly classified into three types: (1) uninodular,
characterized by a single lesion > 3 cm in diameter; (2) multinodular,
characterized by multiple lesions of varying size, usually < 3cm in

as multiple lesions (50%) [4-6]. PHL patients present with various
nonspecific symptoms, including fever, night sweats, abdominal pain,
and hepatomegaly [4,7]. On ultrasonography, PHL lesions appear
hypoechoic relative to normal liver, while computed tomography
(CT) scanning shows hypoattenuating lesions with uniform contrast
enhancement [8]. Magnetic resonance imaging (MRI) in PHL patients
often reveals hypointense lesions on T1-weighted images and hyperin-
tense lesions on T2-weighted images; diffusion-weighted imaging (DWI)
detects high-signal lesions, likely due to the high density of lymphoma
cells, low interstitial component, and lack of blood supply in the lesions
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[9,10]. Diffuse PHL manifests as hepatomegaly without significant
changes in density and signal; hence, diffuse PHL lesions are challeng-
ing to detect on MRI and CT. Positron emission tomography (PET)
combined with CT in a single procedure (PET/CT) with fluorine-18-
2-fluoro-2-deoxy-D-glucose (18F-FDG) is a whole-body imaging with
high sensitivity and specificity for lymphoma, especially for Hodgkin
lymphoma or aggressive NHL, which can clearly show the involvement
of systemic lymph nodes and extra-nodal organs, and identify areas of
lymphoma missed by CT alone, so it is widely used in the diagnosis,
staging, and prognostic evaluation of lymphoma [11-13]. The applica-
tion of FDG-PET/CT in the staging and re-staging of lymphoma is widely
recognized and has been included in the American lymphoma treatment
guidelines [14]. 18F-FDG PET/CT can distinguish primary liver lesions
from metastatic disease. The degree of FDG uptake in PHL depends on
the pathology of the lymphoma. The present results demonstrated that
FDG uptake was lower in indolent lymphomas than in aggressive dis-
eases like diffuse large B-cell lymphoma (DLBCL), Burkitt’s lymphoma,
and T-cell lymphoma [15,16]. It should be noted that PET/CT may pro-
duce false positive for some non-malignant causes with moderate FDG
avidity (e.g. granulomatous inflammation). Where the comprehensive
evaluation seems unusual additional targeted biopsies should be con-
sidered. Liver biopsy remains the most valuable tool for the diagnosis of
PHL [5].

Due to the rarity of this malignancy, our current understanding of
PHL is predominantly derived from case reports or case series. In this
retrospective study, we collected data from PHL patients through the
Surveillance, Epidemiology, and End Results (SEER) database to assess
the clinical characteristics, outcomes, and prognostic factors in PHL. We
also developed a simple nomogram to refine PHL assessment and pro-
vide clinical guidance.

Materials and methods
Data collection

The SEER database is one of the most extensive and representative
tumor registration databases in North America. We collected data from
the SEER 18 (1975-2016, Nov2018 Sub) database released in April
2019 using the SEER* Stat software (Version 8.3.6) [17] and the fol-
lowing inclusion criteria: (1) diagnosis between 1975 and 2016; (2)
C22.0 primary site code; (3) international classification of diseases for
oncology, 3rd edition (ICD-0O-3) codes of 9590-9591, 9650-9699, and
9702-9729. We collected information about age, gender, race, marital
status, morphological subtype, surgery, radiation, chemotherapy, can-
cer stage, year of diagnosis, survival status, survival time, and the cause
of death. Cancer stage was reported according to the Ann Arbor stag-
ing system of lymphoma. Data from patients with a prior cancer di-
agnosis and without microscopic confirmation were excluded. Patients
whose diagnosis was based on autopsy or death certificate were also
excluded [18].

Statistical analysis

The long-term incidence and mortality rates were age-adjusted as
per the 2000 US standard population between 1975 and 2016. Annual
percentage changes (APCs) were calculated using a log-linear model and
Joinpoint software (Version 4.5.0). If no cases or deaths were recorded
in a certain year, the incidence or mortality rate was recorded as a
small positive constant (0.0001) for logarithmic transformation [19].
Statistical significance was determined using the Student’s t-test [20].
We assessed the overall survival (0S), disease-specific survival (DSS),
and relative survival (RS) using the actuarial method [21]. OS was de-
fined as the survival rate for the respective time, regardless of the cause
of death. DSS rate was defined as the survival rate for the respective
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Table 1
Characteristics of patients with primary hepatic lymphoma
(n=1372).

Characteristics No. of patient (%)

Age (years)

<60 581(42.35)
60-69 261 (19.02)
70-79 314 (22.89)
>80 216 (15.74)
Gender

Female 521 (37.97)
Male 851 (62.03)
Race

White 1134 (82.66)
Black 140 (10.20)
Other 91 (6.63)
Unknown 7 (0.51)
Marital status

Unmarried 673 (49.05)
Married 633 (46.14)
Unknown 66 (4.81)
Histology

Hodgkin lymphoma 33 (2.41)
Non-Hodgkin lymphoma 1086 (79.15)
Lymphoma, NOS 253 (18.44)
NHL subtypes

DLBCL 856 (78.82)
Follicular lymphoma 34 (3.13)
Marginal zone lymphoma 49 (4.51)
Small lymphatic lymphoma 27 (2.49)
Burkitt’s lymphoma 47 (4.33)
Mixed diffuse B-cell lymphoma 14 (1.29)
Mantle cell lymphoma 5 (0.46)
T/NK-cell lymphoma 51 (4.69)
Lymphoblastic lymphoma 3(0.28)
Surgery

No surgery 1174 (85.57)
Surgery 157 (11.44)
Unknown 41 (2.99)
Radiation

No radiation 1364 (99.42)
Radiation 8 (0.58)
Chemotherapy

No/unknown 478 (34.84)
Chemotherapy 894 (65.16)
Stage

I 530 (38.63)
Il 140 (10.20)
Il 34 (2.48)

I\% 602 (43.88)
Unknown 66 (4.81)
Year

1975-1985 25 (1.82)
1986-1999 276 (20.12)
2000-2016 1071 (78.06)

NOS: not otherwise specified; NHL: Non-Hodgkin lymphoma; DL-
BCL: diffuse large B-cell lymphoma.

time for a specific cause of death (not from PHL). RS was defined as the
survival rate for the respective time to exclude death from non-cancer
causes. The Ederer method was used to calculate RS [22]. Cases with a
recorded survival time of zero were excluded from the survival analysis.
The Cox regression analysis, Kaplan-Meier survival analysis, nomogram
drawing and correction, and competitive risk analysis were performed
using R language software (Version 3.6.1).

Results
Demographic and clinical characteristics
According to our inclusion and exclusion criteria, 1372 patients were

selected (Fig. 1), the demographic and clinical characteristics of whom
are shown in Table 1. Male patients were approximately two times as
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1719 cases identified with lymphoma with liver involvement
(ICD-0-3 codes: 9590-9591, 9650-9699,9702-9729; year of
diagnosis: 1975-2016; primary site code: C22.0)
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Fig. 1. Flow diagram of patient selection from the SEER database
between 1975 and 2016.

316 cases excluded: had a prior
cancer diagnosis

19 cases excluded: solely from
autopsy or death certificate

12 cases excluded: without
microscopic confirmation

1372 cases identified with PHL included in this study

month =0

275 cases excluded: survival

1097 cases used in survival analysis

many as female patients, and white individuals accounted for the ma-
jority (82.66%) of PHL cases. NHL was diagnosed in 79.15% of PHL pa-
tients, while Hodgkin lymphoma accounted for only 2.41% of PHL cases.
The most common NHL subtype was DLBCL (78.82%), followed by
T/NK-cell lymphoma (4.69%), marginal zone lymphoma (MZL; 4.51%),
Burkitt’s lymphoma (4.33%), follicular lymphoma (3.13%), and small
lymphatic lymphoma (2.49%). Most patients did not receive surgery and
radiotherapy; chemotherapy was administered to 65.16% of patients.
The number of PHL cases increased significantly over time, especially
since 2000.

Incidence and mortality

The age-adjusted incidence and mortality rates during the study pe-
riod were 0.075 per 100,000 person-years (95% confidence interval
[CI], 0.070-0.081) and 0.055 per 100,000 person-years (95% CI, 0.051-
0.060), respectively. Overall, the incidence of PHL increased from 0.021
per 100,000 person-years (95% CI, 0.006-0.055) in 1975 to 0.122 per
100,000 person-years (95% CI, 0.087-0.167) in 2016, leading to an
APC of 2.74% (95% CI, 1.24-4.32; P < 0.001; Fig. 2A and Supplemen-
tary Table 1). PHL mortality increased from 0.005 per 100,000 person-
years (95% CI, 0.000-0.031) in 1975 to 0.078 per 100,000 person-years
(95% CI, 0.046-0.123) in 1993, resulting in an APC of 20.85% (95% CI,
11.03-31.62; P <0.001); PHL mortality remained stable between 1993
and 2016 (APC, —0.17%; 95% CI, —2.54-2.31; P=0.610; Fig. 2B and
Supplementary Table 2).

Patient prognosis analysis

The age-adjusted OS, RS, and DSS rates from 1975 to 2016 were cal-
culated using the actuarial method. The 1, 3, 5, and 10-year OS rates of
PHL patients were 49.684%, 43.553%, 39.242%, and 28.364%, respec-
tively, while RS rates were 51.068%, 46.925%, 45.300%, and 38.723%,
respectively. The 1, 3, 5, and 10-year DSS rates were 53.711%, 49.189%,
47.842%, and 43.464%, respectively (Fig. 3).

The results of univariate and multivariate analyses are shown in
Fig. 4. Univariate analysis revealed that the following factors were asso-
ciated with poor OS in PHL patients: older age (> 60 years old vs. < 60
years old), unmarried status (unmarried vs. married), advanced disease
stage (stage III/IV vs. stage I), a histologic subtype of DLBCL (DLBCL
vs. follicular lymphoma and MZL), a histologic subtype of mixed diffuse
B-cell lymphoma (mixed diffuse B-cell lymphoma vs. DLBCL), and diag-
nosis between 1986 and 1999 (1986-1999 vs. 1975-1985). Multivari-
ate analysis identified the following parameters as independent worse
prognostic factors: older age (> 60 years old vs. < 60 years old), male
(male vs. female), black (black vs. white), unmarried status (unmarried
vs. married), no chemotherapy (no chemotherapy vs. chemotherapy),
advanced stage (stage III/IV vs. stage I), a histologic subtype of DLBCL
(DLBCL vs. follicular lymphoma, MZL, and small lymphatic lymphoma),
a histologic subtype of mixed diffuse B-cell lymphoma (mixed diffuse
B-cell lymphoma vs. DLBCL), and diagnosis between 1986 and 1999
(1986-1999vs. 1975-1985) (Fig. 4A). For RS, univariate analysis re-
vealed that the following factors were associated with unfavorable sur-
vival outcomes: older age (> 60 years old vs. < 60 years old), advanced
stage (stage IV vs. stage I), a histologic subtype of DLBCL (DLBCL vs.
MZL), a histologic subtype of mixed diffuse B-cell lymphoma (mixed
diffuse B-cell lymphoma vs. DLBCL), and diagnosis between 1975 and
1985 (1975-1985vs. 2000-2016). Older age (> 60 years old vs. < 60
years old), unmarried status (unmarried vs. married), advanced stage
(stage III/IV vs. stage I), and a histologic subtype of DLBCL (DLBCL vs.
follicular lymphoma and MZL) were identified as independent prognos-
tic factors for poor RS (Fig. 4B).

The Kaplan-Meier survival analysis revealed that the patients who
were younger, were white, were married, were diagnosed with follicu-
lar lymphoma, MZL, and Burkitt’s lymphoma, had disease of early stage
(stages I and II), and were diagnosed in 1975-1985 predicted longer OS
(Fig. 5A). In contrast, the marital status did not associate significantly
with RS, while diagnosis in 1975-1985 was associated with poor RS
(Fig. 5B). To assess the role of baseline characteristics in OS, we clas-
sified deaths into cancer-related deaths and non-cancer-related deaths
(e.g., chronic liver disease and heart disease). We found that older,
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black, unmarried PHL patients with DLBCL or T/NK-cell lymphoma had
a significantly increased risk of cancer-related death, while older pa-
tients had an increased risk of non-cancer related death (Supplementary
Fig. 1).

Clinical stage is important for the prognosis and treatment guidance
of PHL. We analyzed the correlation between clinical stage and com-
mon variables (Supplementary Table 3). The results showed that clini-
cal stage was associated with age and NHL subtypes, but not with gen-
der, race, and marital status. We found that more patients in the early
stage who were older than younger and the age composition ratio was
not significantly different in the later stage. The most common diffuse
large B-cell lymphoma was also not significantly different in clinical
stage.

Nomograms predict PHL patient prognosis

To evaluate the prognostic value of different clinicopathological
characteristics, we plotted nomograms of OS and RS and all clinico-
pathological variables except surgery and radiation (Fig. 6A and B).
The prognostic accuracy of the nomograms was evaluated using the
C-index and the area under the curve (AUC) of the receiver operat-
ing characteristic (ROC) curve. The C-index for OS was 0.640 (95%
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Fig. 2. Incidence and mortality rates of pri-
mary hepatic lymphoma (PHL) and annual per-
centage change (APCs) in PHL trends. (A) In-
cidence rates and relative APCs. (B) Mortal-

* Male and Female
1975-2016 APC=2.74*

+ Male D ity rates and relative APCs. Notes: incidence
;2;5’?;'2316 APC=2.78 and mortality rates were age-adjusted as per

the 2000 US standard population and expressed
per 100,000 person-years.

1975-2016 APC=4.97*

e Male and Female

1975-1993 APC=20.85*

— 1993-2016 APC=-0.17
+ Male

1975-2016 APC=4.89*

Female

1975-2016 APC=6.80*

CI, 0.616-0.664), and the AUC values for the 1, 3, 5, and 10-year OS
were 0.600, 0.647, 0.627, and 0.665, respectively (Fig. 7A). The C-
index for RS was 0.697 (95% CI, 0.670-0.728), and the AUC values
for the 1, 3, 5, and 10-year RS were 0.700, 0.703, 0.691, and 0.717,
respectively (Fig. 7B).

Discussion

Although PHL is extremely rare, our understanding of PHL has in-
creased over the last years. In this study, we collected data from 1372
PHL cases from the SEER database (1975 to 2016). To our best of knowl-
edge, this is the largest evaluation of hepatic lymphoma to date. We
found that the annual prevalence of PHL increased from 1975 to 2016,
reaching a peak of 78.06% of the total number of patients after 2000.
Over the 40-year period, the incidence rate of APC for male and female
patients was 2.78% (95% CI, 1.24-4.26; P < 0.001) and 4.97% (95%
CI, 2.58-7.43; P < 0.001), respectively. The overall mortality rate of
PHL also gradually increased until 1993, but then stabilized between
1993 and 2016 with the mortality rate of APC of —0.17% (95% CI,
—2.47-2.33; P> 0.05), likely due to the significant improvement in early
screening and treatment of PHL.
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Survival Rates (95%Cl)
Overall survival

12 months . 49.684% (45.485%-53.737%)
24 months . 45.636% (41.457%-49.712%)
36 months . 43.553% (39.396%-47.632%)
48 months - 40.892% (36.764%-44.973%)
60 months —a— 39.242% (35.137%—-43.319%)
72 months —.— 38.047% (33.931%—-42.147%)
84 months - 34.831% (30.720%—-38.968%)
96 months —— 31.205% (27.181%-35.304%)
108 months —a— 29.705% (25.750%—-33.757%)
120 months - 28.364% (24.430%-32.415%)
Relative survival

12 months - 51.068% (46.717%—55.246%)
24 months . 48.117% (43.645%-52.442%)
36 months . 46.925% (42.377%-51.336%)
48 months e 45.547% (40.863%—50.104%)
60 months - 45.300% (40.365%-50.098%)
72 months Cw 44.734% (39.701%-49.634%)
84 months . 43.312% (38.204%-48.305%)
96 months - 40.171% (34.348%-45.915%)
108 months —— 38.924% (32.905%-44.889%)
120 months —— 38.723% (32.353%—-45.040%)
Disease-specific survival

12 months - 53.711% (49.535%—-57.699%)
24 months . 50.635% (46.440%-54.672%)
36 months - 49.189% (44.983%-53.253%)
48 months - 48.086% (43.868%-52.174%)
60 months . 47.842% (43.619%-51.938%)
72 months —— 47.016% (42.765%-51.147%)
84 months —a— 45.520% (41.210%-49.724%)
96 months . 44.250% (39.887%-48.518%)
108 months . 43.899% (39.518%-48.188%)
120 months —a— 43.464% (39.046%-47.795%)
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Fig. 3. Overall survival, relative survival, and disease-
specific survival rates in patients with primary hepatic
lymphoma were estimated using the actuarial method.
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At present, PHL etiology remains largely unclear. In recent years,
studies have indicated that the increased incidence of PHL may be
related to the human immunodeficiency virus (HIV) and hepatitis
B/C virus epidemic, which may stimulate B lymphocytes chronic
proliferation and chronic antigenic stimulation, leading to liver lym-
phoma [23-26]. In addition, PHL was usually seen in organ transplant
recipients, in patients receiving immunosuppressive therapy, etc. Since
the virus is not integrated into the host cell genome, it is more likely
for the virus to disrupt the immune environment, leading to immune
escape of malignant cells for proliferation and invasion. These all
indicate that the host’s immune environment plays an important role in
the onset and progression of PHL. Of course, the increased incidence of
PHL may also be related to modern imaging techniques, especially the
use of PET/CT. Only when the detection technique is higher, people
are more aware of it and it is easier to consider the disease. Although
PHL can occur at any age, it is common in men aged 50-60 with a
male-to-female ratio of 2-3:1 [5,27,28]. In this study, the median age
at diagnosis was 65 years (range, 3-95 years), similar to what previous
studies have reported. The male-to-female ratio was 1.63 (62.03%
vs. 37.97%). DLBCL is the most frequent PHL, especially with often
uninodular [2,26,29]. Notably, hepatic DLBCL accounted for approx-
imately 6% of all primary extranodal DLBCL [30]. In this study, we
found a considerably lower frequency of Hodgkin lymphoma (2.41%)
compared to that reported previously [31]. B-cell NHL accounted for
approximately 80.11% of all hepatic NHLs, and the most common
histological subtype was DLBCL, which was observed in 856 (78.82%)
cases. T/NK-cell NHL accounted for 4.69%, and the most observed

subtypes were peripheral T-cell lymphoma-NOS (33 cases) and anaplas-
tic large cell lymphoma (13 cases), consistent with previous reports
[32].

Surgery, chemotherapy, radiation therapy, or combination thera-
pies are used for PHL [5,33]. Liver transplantation has also been used
in PHL patients [7]. In our data, most patients (65.16%) received
chemotherapy, while the proportion of patients that underwent surgery
or radiation was low. Although surgery and radiation therapy were in-
cluded in the Cox proportional hazards model and Kaplan-Meier sur-
vival analyses, we excluded these treatment modalities from the nomo-
grams, to avoid sampling bias. The median OS for patients with PHL
was 56.02 months, and 661 patients (60.26%) died during the study
period. PHL was the cause of death in 43.58% cases. Other major
causes of death included cardiovascular diseases (4.16%), other ma-
lignant cancers (3.51%), infectious diseases (1.02%), cerebrovascular
diseases (0.92%), and chronic obstructive pulmonary diseases (0.3%).
We identified older age, unfavorable histologic subtypes, and advanced
disease stage as independent factors predicting poor OS and RS, which
may partly reflect the increased malignancy of PHL and the impact
of poor physical performance. Kaplan—-Meier survival curve revealed
that black patients aged over 60 years with unfavorable histologic sub-
types and advanced-stage disease had shorter OS and RS. However,
between 1975 and 1985, patients had shorter RS, suggesting that pa-
tients may have a significantly increased risk of death due to untimely
diagnosis and treatment of the disease during this time. The RS of
PHL patients was significantly longer between 2000 and 2016, likely
due to the development of new drugs, such as rituximab [34]. Cur-
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A Univariate Cox analysis Multivariate Cox analysis
Ractor HR (95%Cl) P value Zactor HR (95%Cl) P value
ge ge
< ] Reference < [] Reference
60-69 - 1.264 E1.024—1 .561; 0.029 60-69 —-— 1.606 £1 .285—2007; <0.001
70-79 - 1.436 (1.172-1.759) <0.001 70-79 —— 1.868 (1.498-2.330) <0.001
>=80d —— 2.457 (1.963-3.074) <0.001 >=80d —— 3.263 (2.549-4.177) <0.001
Gender Gender
Female [ Reference Female [l Reference
%ale - 1.077 (0.918-1.263)  0.362 Male - 1.311 (1.105-1.556) 0.002
ace ace
White [] Reference White [] Reference
Black —.— 1.231 (0.958-1.583)  0.104 Black —— 1.420 (1.085-1.859) 0.011
Other —— 1.498 (1.112-2.020)  0.008 Other —— 1.496 (1.101-2.034) 0.010
ﬂnkrjtowlmt ¢ —_— 0.823 (0.264-2.561) 0.737 anljtomlmt ¢ —_— 0.770 (0.243-2.438) 0.656
arital status arital status
Married ] Reference Married [ Reference
Unmarried - 1.360 51.163—1 .590; <0.001 Unmarried - 1.475 21 .248-1 .744; <0.001
Hpktnolwn —— 0.889 (0.591-1.337) 0.572 Hpktnolwn ——— 0.852 (0.556-1.304) 0.460
isto oqv isto oav
[ Reference . Reference
FoIhcuIar lymphoma —— 0.542 (0.312-0.942 0.030 Folhcular lymphoma — 0.505 (0.287-0.888) 0.018
Marginal zone lymphoma ~ —=— 0.565 (0.353-0.9 0.018 Marginal zone lymphoma —— 0.567 (0.349-0.922) 0.022
Small lymphatic lymphoma —— 0.747 (0.452-1.236) 0.257 Small lymphatic lymphoma  —=— 0.564 (0.332-0.958) 0.034
Burkitt’s lymphoma —— 0.619 (0.376-1.021)  0.060 Burkitt’s lymphoma —— 0.621(0.373-1.034) 0.067
Mixed diffuse B-cell lymphoma —— 2454 (1.381-4.363) 0.002 Mixed diffuse B-cell lymphoma —— 2.101(1.149-3.843) 0.016
T/NK-cell lymphoma —— 1.224 (0.781-1.919)  0.377 T/NK-cell lymphoma —— 1.575 (0.986-2.517) 0.058
Lymphoblastlc Iymphoma ———=— 3.148 (0.784-12.648) 0.106 Lymphoblastic lymphoma —s—— 2119 (0.505-8.898) 0.305
ldrmphoma - 1.056 50 .868-1.. 2863 0.586 Lymphoma, NOS o 0.999 (0.813-1.228) 0.993
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Fig. 4. Forest plot showing the univariable and multivariate analyses results for patients with primary hepatic lymphoma using the Cox proportional hazards model.
(A) Cox regression for overall survival analysis. (B) Cox regression for relative survival analysis.
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Fig. 5. Kaplan-Meier survival analyses for overall survival (OS) and relative survival (RS) in patients with primary hepatic lymphoma (PHL). (A) OS analyses of

PHL patients. (B) RS analyses of PHL patients.

rently, most PHL patients with early disease are treated with vincristine,
cyclophosphamide, doxorubicin, and prednisone-based chemotherapy;
the combination of rituximab with conventional chemotherapeutics is
also being used [5,35-38]. Thus, the better survival of PHL observed
in our study since 2000 may reflect the more frequent use of new
drugs.

Nomograms are used to predict the patient outcome using scores
from different indicators [39]. Approximately 50% and 30% of PHL
patients had a score > 100 for the 3-year and 10-year OS, respectively,
while the rates for RS were 55% and 45%, respectively. Additionally,
the C-index and AUC values confirmed that our nomograms are a
feasible and accurate prognostic tool in PHL.

Our study has several limitations. First, the prognosis treated with
non-surgical and non-radiation approaches were better, likely due
to the high disproportionation of these patients in the study cohort.
Hence, the clinical usefulness of surgery and radiation therapy in
PHL patients remains unclear. Second, information on chemother-
apy was inaccurate or absent for some patients. 34.84% of all PHL

patients had no information regarding chemotherapy, which might
have impacted our findings in the clinical value of chemotherapy in
improving patient survival. In recent years, tumor immunotherapy has
been recognized as the most promising method for curing malignant
tumors. More and more immune checkpoint inhibitors have been
applied to the rare cancers like PHL that have no specific treatment.
In recent years, targeted immunotherapy for CD20-positive B lym-
phoma represented by rituximab has further improved the prognosis
[40-43]. However, the SEER database lacks data records for these
variables, and we were unable to analyze the prognostic impact of
chemo-immunotherapy on patients with PHL. Third, studies have
shown that laboratory parameters, including abnormal lactate dehydro-
genase, abnormal aminotransferases, and alkaline phosphatase, have
prognostic value in PHL [5,33]. However, this information, as well as
information on liver infections, was not available in the SEER database.
Despite these limitations, the SEER database remains a valuable re-
source for the study of PHL and other rare cancers based on a large
population.
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Fig. 7. (A, B) Receiver operating characteristic (ROC) curves and area under the curve (AUC) values for overall survival (A) and relative survival (B).
Conclusion

Although the primary extranodal lymphoma of the liver is rare, the
incidence of PHL is rising. NHL is the most dominant PHL subtype.
Unfavorable histologic subtypes, and advanced-stage disease were

associated with poor survival outcomes.

The nomogram established

in this study may be a robust prediction model for PHL that can

forecast patients’ dynamic survival rates at different time points during

follow-up.
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