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Introduction: With the advent of modern therapies, including rituximab and novel oral targeted agents such as BTK inhibitors, the 
survival of lymphoma patients has significantly improved. However, the risk of secondary primary malignancies (SPMs) remains 
a critical concern. This study aims to evaluate the incidence, risk factors, latency, and survival outcomes of SPMs in lymphoma 
patients treated in the era of targeted therapies.
Methods: A retrospective cohort study was conducted on 1,715 lymphoma patients diagnosed between October 2011 and 
October 2024 at Shanxi Bethune Hospital, China. Patients with incomplete records, pediatric cases, or immunodeficiency were 
excluded. Data on demographics, lymphoma characteristics, treatment modalities, and SPMs were collected. SPMs were classified as 
synchronous (diagnosed within 6 months of lymphoma) or metachronous (diagnosed after 6 months). Statistical analyses included Cox 
regression for risk factors and Kaplan-Meier for survival analysis.
Results: Among 1,715 lymphoma patients, 65 (3.8%) developed SPMs, including 10 synchronous (0.6%, descriptive enumeration 
only), while 55 (3.2%) developed metachronous SPMs that constituted the primary analytic cohort. Aggressive B-cell non-Hodgkin 
lymphoma (43.6%) was the most common lymphoma subtype among patients who developed SPMs, followed by indolent B-cell non- 
Hodgkin lymphoma (38.2%). Digestive and respiratory system tumors were the predominant SPMs (34.5% and 23.6%, respectively). 
Multivariate analysis identified male sex, ECOG performance status ≥2, extranodal involvement, bone marrow infiltration, BTK 
inhibitor use, and radiotherapy as independent risk factors for SPMs. Competing-risk analysis showed a higher cumulative incidence 
of SPMs in patients exposed to BTK inhibitors than in those not exposed to BTK inhibitors (5-year CIF, 7.92% vs 2.57%; Gray’s test p 
=0.007). Kaplan-Meier analysis showed that patients with SPMs had significantly worse OS than those without SPMs (median OS, 
10.3 years; 5-year OS, 69.6% vs 89.6%; log-rank padj<0.0001). No significant difference in OS was observed between patients with 
solid and hematologic SPMs (median OS, 12.8 vs 6.0 years; padj=0.76).
Discussion: In the transitional era of conventional and targeted therapies, although data are limited.This exploratory analysis 
confirmed that gastrointestinal and respiratory SPMs predominated in this Asian cohort, and identified male sex, ECOG ≥2, extranodal 
involvement, bone marrow infiltration, radiotherapy, and BTK inhibitor use as independent risk factors. The association with BTK 
inhibitors (HR=2.56) warrants cautious interpretation and prospective validation. Early detection and tailored surveillance (prioritizing 
gastrointestinal screening) are essential for improving long-term outcomes.
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Introduction
Lymphomas are a heterogeneous group of malignancies affecting the lymphatic system, representing approximately 5% 
of all hematologic cancers. Traditionally, it is classified into Non-Hodgkin lymphoma (NHL) and Hodgkin lymphoma 
(HL) based on the morphology of the tumor cells. NHL is the most common type of malignant lymphoma, accounting for 
approximately 85–90% of all lymphoma cases in Western populations and a similarly predominant proportion in China.1– 

3 According to the latest global cancer statistics (GLOBOCAN 2022), an estimated 5.8/100,000 new cases of lymphoma 
were diagnosed worldwide in 2022, with China accounting for approximately 17.1% of global NHL cases.1,2,4,5 The 
therapeutic landscape for lymphoma has undergone significant changes over the past two decades, notably marked by the 
integration of the anti-CD20 monoclonal antibody rituximab into standard regimens and the introduction of molecular 
targeted agents like BTK inhibitors.3,6–8 These advancements have substantially enhanced both progression-free survival 
(PFS) and overall survival (OS) among lymphoma patients, transforming lymphoma into a condition requiring prolonged 
surveillance for potential treatment-related complications, such as SPMs. Epidemiological studies have highlighted 
elevated standardized incidence ratios (SIRs) of both hematologic and solid organ malignancies in lymphoma survivors.6

The pathogenesis of SPMs is particularly associated with the genotoxic effects of treatments including alkylating 
agents, topoisomerase II inhibitors, and ionizing radiation. These therapies are known to cause dose-dependent damage to 
clonal hematopoietic cells and impair DNA repair pathways. For rituximab, to date no conclusive evidence has 
demonstrated a direct increase in SPM risk; its long-term safety profile appears favorable. The hypothetical possibility 
of very late mutagenic effects, however, cannot be entirely excluded and remains a subject of ongoing surveillance.9–18 

The impact of novel agents, especially BTK inhibitors that modulate B-cell receptor signaling chronically, on genomic 
instability and secondary carcinogenesis is not yet fully understood.6,9

Moreover, most existing SPM data are derived from Western populations (eg, SEER-based studies), and their 
applicability to Asian populations remains uncertain. Substantial differences between Asian and Western populations 
have been documented in lymphoma subtype distribution, genetic susceptibility (eg, TP53 R72P polymorphisms), 
lifestyle factors (eg, smoking and diet), and healthcare access – all of which influence SPM risk. Therefore, evaluating 
SPM incidence, risk factors, and survival outcomes specifically in a Chinese cohort is essential for developing 
region-appropriate surveillance strategies.

The primary novelty of this study is the evaluation of BTK inhibitor-associated SPM risk specifically in a Chinese 
lymphoma cohort, an area for which evidence remains extremely limited. We also aimed to explore the incidence, 
clinico-pathological determinants, latency, and survival outcomes of SPMs in the era of modern targeted therapies.

Materials and Methods
Study Design and Patient Population
This retrospective study initially identified 2,106 Chinese patients with pathologically confirmed primary lymphoma 
(classified according to WHO) who were treated at the Cancer Center of Shanxi Bethune Hospital,China, between 
October 2011 and October 2024. Patients with pediatric cases (age < 18 years, n=58) were excluded, leaving 2,048 adult 
patients. Patients with human immunodeficiency virus infection (n=36) or those who had undergone allogeneic hema
topoietic stem cell transplantation or solid organ transplantation (n=33) were then excluded due to their inherently higher 
risk of malignancies related to immunodeficiency. Subsequently, patients with incomplete medical records (n=178), 
unconfirmed pathological diagnoses (n=67), or postmortem findings (n=19) were excluded. Thus, 1,715 adult patients 
with complete medical records were retained. All eligible patients were consecutively enrolled from the hospital’s 
electronic medical record system; no sampling method was applied. From this cohort, patients with lymphoma but 
without multiple primary malignancies (n=1,621) were excluded. Consequently, 94 adult patients with lymphoma and 
multiple primary malignancies were identified. Among these, 29 were further excluded: 16 with histological transforma
tion and 13 with second primary lymphoma in survivors of other malignancies. Ultimately, 65 patients with lymphoma as 
the primary malignancy and subsequent second primary malignancies (SPMs) were included in the final analysis, 
comprising 55 metachronous SPMs and 10 synchronous SPMs (Figure 1).
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Data Collection
Data collection was structured into four key domains to ensure a comprehensive analysis. The first domain encompassed 
demographic characteristics, including age, sex, date of birth, marital status, comorbidities, and family history of cancer. 
The second domain, oncological characteristics, detailed the date of lymphoma diagnosis, histological subtype, staging 
(utilizing Binet staging for chronic lymphoid leukemia and Ann Arbor staging for other forms), the International 
Prognostic Index (IPI) score, primary site of the lymphoma, extranodal involvement (both number and specific sites), 
Detailed information on chemotherapy cycles (total number from all phases), radiotherapy sites and cumulative doses, 
and BTK inhibitor treatment line and duration was extracted from electronic medical records, presence of bulky disease, 
B symptoms, levels of lactate dehydrogenase (LDH), and β2-microglobulin (β2-MG), along with the lymphoma’s status 
at the time SPM diagnosis. Treatment modalities composed the third domain, comprising surgical interventions, 
chemotherapy, radiotherapy, targeted therapy, and immunotherapy. The final domain focused on survival data, presenting 
OS and the latency period between the diagnosis of lymphoma and SPM.

SPMs were defined according to the Warren and Gates criteria, which require that each malignancy be histologically 
confirmed, distinct from the primary lymphoma, and not represent a metastasis. SPMs were methodologically classified 
as synchronous if they were diagnosed within six months of the initial lymphoma diagnosis, and as metachronous if 

Figure 1 Inclusion and exclusion flow charts.
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diagnosed after this period. Synchronous SPMs were enumerated for descriptive completeness but were excluded from 
risk-factor and latency analyses, as their pathogenesis likely differs from therapy-related metachronous neoplasms.

Follow-Up Protocol
Patients were followed up through a combination of outpatient visits and telephone interviews. The follow-up period 
began at the date of lymphoma diagnosis and ended at the date of SPM diagnosis, death, or the study cutoff date 
(October 31, 2024), whichever occurred first. OS was defined as the time from lymphoma diagnosis to death from any 
cause or the last follow-up date. OS1 (latency time) was defined as the time from lymphoma diagnosis to SPM diagnosis. 
OS2 was defined as the time from SPM diagnosis to death or the last follow-up date.

Statistical Analysis
Data were extracted from the hospital’s electronic medical record system. No a priori sample size calculation was 
performed because the sample size was determined by the number of eligible patients with complete data over the study 
period (retrospective design). To ensure accuracy, trained personnel independently entered all data using a double-entry 
method, followed by cross-validation by senior researchers. Missing values were observed for LDH, β2-microglobulin, 
and ECOG performance status in 0.6%, 1.0%, and 1.3% of patients, respectively. Because the proportion of missing data 
was low, multiple imputation by chained equations was performed to minimize potential bias and preserve statistical 
power. All subsequent analyses were conducted using the imputed datasets. Continuous variables with normal distribu
tions were presented as mean±standard deviation, while non-normally distributed variables were reported as median 
(interquartile range, IQR).

Univariate and multivariate Cox proportional hazards regression models were employed to identify risk factors 
associated with SPMs. Variables with a significance level of (p<0.05) in univariate analysis were included in the 
multivariate model. Kaplan-Meier curves were generated to estimate cumulative survival rates, and between-group 
differences were compared using the Log rank test. For multiple subgroup survival comparisons, P values were adjusted 
using the Benjamini–Hochberg false discovery rate (FDR) method to control for multiplicity. To account for the 
competing risk of death before the development of secondary primary malignancies (SPMs), a competing-risk analysis 
was performed. SPM occurrence was defined as the event of interest, and death before SPM diagnosis was treated as 
a competing event. The cumulative incidence function (CIF) was estimated according to BTK inhibitor exposure, and 
between-group differences were compared using Gray’s test. Hazard ratios (HRs) with 95% confidence intervals (CIs) 
were calculated based on the follow-up duration (defined as the interval from lymphoma diagnosis to the study endpoint). 
Statistical analyses were performed using SPSS 26.0 (IBM Corp., Armonk, NY, USA) and R software version 4.3.1 (R 
Foundation for Statistical Computing, Vienna, Austria).

Results
Clinical Characteristics of Lymphoma
Among 1,715 lymphoma patients, 10 (0.6%) presented with synchronous SPMs (Table 1), while 55 (3.2%) developed 
metachronous SPMs during a median follow-up of 8.26years (IQR, 5.86–11.06 years) (Table 2). Among patients with 
metachronous SPMs, aggressive B-cell NHL was the most common lymphoma subtype (43.6%, n=24/55), including 22 
diffuse large B-cell lymphoma (DLBCL) and 2 mantle cell lymphoma (MCL), followed by indolent B-cell NHL (38.2%, 
n=21/55), HL (12.7%, n=7/55), and T-NHL (5.5%, n=3/55). (P<0.001). The cohort exhibited a striking male predomi
nance (male-to-female ratio: 2.9:1), with a median age of 65 years at SPM diagnosis (range: 38–82 years). Hypertension 
emerged as the most prevalent comorbidity (40.0%, n=22/55). Treatment modalities for the index lymphoma included 
chemotherapy-based regimens (85.5%, n=47/55), radiotherapy (14.5%, n=8/55), anti-CD20 monoclonal antibodies 
(49.1%, n=27/55), and novel oral targeted agents (16.4%, n=9/55), including BTK inhibitors (n=9) and lenalidomide 
(n=2) (Table 2). Notably, 47.3% (n=26/55) of patients had received 4–8 cycles of prior chemotherapy before SPM 
diagnosis (Table 3).
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Table 1 Characteristics of the Patients with Synchronous Malignancies

NO Age Sex Primary Cancer Therapy of First Cancer Second Cancer OS 
(Months)

Outcome 
(Months)

1 67 Female Follicular lymphoma Chemotherapy combined with targeted therapy Lung cancer 24 Survive

2 67 Female Diffuse large B-cell lymphoma Chemotherapy combined with targeted therapy Lung cancer 4 Death

3 51 Male Diffuse large B-cell lymphoma Chemotherapy Thyroid cancer 98 Survive

4 50 Female Diffuse large B-cell lymphoma Chemotherapy combined with targeted therapy Thyroid cancer 18 Survive

5 64 Male Hodgkin’s lymphoma Chemotherapy Gastric cancer 133 Survive

6 58 Male Hodgkin’s lymphoma Immunochemotherapy combined with targeted 
therapy

Multiple myeloma 33 Survive

7 37 Male Peripheral T-cell lymphoma Chemotherapy combined with targeted therapy Acute myeloid 
leukemia

13 Death

8 65 Male Chronic lymphocytic leukaemia Immunochemotherapy combined with targeted 
therapy

Thyroid cancer 47 Survive

9 73 Male Angioimmunoblastic T-cell 
lymphoma

Chemotherapy combined with targeted therapy Gastric cancer 17 Death

10 72 Male Chronic lymphocytic leukaemia Targeted therapy Lung cancer 3 Death

Table 2 Basic Clinical Characteristics of Included Populations

Characteristics Total Aggressive B-NHL Indolent B-NHL HL T-NHL

n = 55 n = 24 n = 21 n = 7 n = 3

Sex, n (%)

Male 41 (74.5) 17 (70.8) 16 (76.2) 5 (71.4) 3 (100)

Female 14 (25.5) 7 (29.2) 5 (23.8) 2 (28.6) 0 (0)
Age at diagnosis of lymphoma,years, n (%)

Median,year,(IQR)

<60 25 (45.5) 10 (41.7) 10 (47.6) 4 (57.1) 1 (33.3)
≥60 30 (54.5) 14 (58.3) 11 (52.4) 3 (42.9) 2 (66.7)

Marital status, n (%)

Single 1 (1.8) 0 (0) 1 (4.8) 0 (0) 0 (0)
Married 53 (96.4) 23 (95.8) 20 (95.2) 7 (100) 3 (100)

Divorced or separated 1 (1.8) 1 (4.2) 0 (0) 0 (0) 0 (0)

Complications
Hypertension, n (%)

No 33 (60.0) 15 (62.5) 14 (66.7) 4 (57.1) 0 (0)

Yes 22 (40.0) 9 (37.5) 7 (33.3) 3 (42.9) 3 (100)
Diabetes, n (%)

No 44 (80.0) 20 (83.3) 16 (76.2) 6 (85.7) 2 (66.7)

Yes 11 (20.0) 4 (16.7) 5 (23.8) 1 (14.3) 1 (33.3)
Heart disease, n (%)

No 50 (90.9) 22 (91.7) 20 (95.2) 5 (71.4) 3 (100)

Yes 5 (9.1) 2 (8.3) 1 (4.8) 2 (28.6) 0 (0)
Cerebral apoplexy, n (%)

No 48 (87.3) 21 (87.5) 18 (85.7) 7 (100) 2 (66.7)

Yes 7 (12.7) 3 (12.5) 3 (14.3) 0 (0) 1 (33.3)
Ann Arbor stage, n (%)

Early stage (I–II) 27 (49.1) 10 (41.7) 11 (52.4) 6 (85.7) 0 (0)

Advanced stage (III–IV) 28 (50.9) 14 (58.3) 10 (47.6) 1 (14.3) 3 (100)
IPI score, n (%)

0–1 15 (27.3) 8 (33.3) 4 (19) 3 (42.9) 0 (0)

2 11 (20.0) 4 (16.7) 5 (23.8) 2 (28.6) 0 (0)
3 17 (30.9) 8 (33.3) 8 (38.1) 1 (14.3) 0 (0)

4–5 12 (21.8) 4 (16.7) 4 (19) 1 (14.3) 3 (100)

(Continued)
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Table 2 (Continued). 

Characteristics Total Aggressive B-NHL Indolent B-NHL HL T-NHL

n = 55 n = 24 n = 21 n = 7 n = 3

ECOG score of lymphoma, n (%)

0<1 39 (70.9) 14 (58.3) 17 (81) 7 (100) 1 (33.3)
≥2 16 (29.1) 10 (41.7) 4 (19) 0 (0) 2 (66.7)

LDH,IU/L, Median (IQR) 197.0 232.4 173.2 170.3 359.8

(165.3, 311.9) (188.8, 363.2) (155.4, 256.6) (166.8, 288.6) (336.2, 372.7)
β2-MG, mg/L,Median (IQR) 3.0 2.9 2.8 3.1 3.2

(2.2, 3.9) (2.5, 6.4) (2.0, 3.9) (3.0, 3.2) (3.1, 3.4)

Primary site, n (%)
Nodal 23 (41.8) 9 (37.5) 8 (38.1) 5 (71.4) 1 (33.3)

Extranodal 32 (58.2) 15 (62.5) 13 (61.9) 2 (28.6) 2 (66.7)

Extranodal sites of invasion, n (%)
0–1 45 (81.8) 17 (70.8) 20 (95.2) 6 (85.7) 2 (66.7)

≥2 10 (18.2) 7 (29.2) 1 (4.8) 1 (14.3) 1 (33.3)

B.Symptoms, n (%)
No 50 (90.9) 23 (95.8) 21 (100) 4 (57.1) 2 (66.7)

Yes 5 (9.1) 1 (4.2) 0 (0) 3 (42.9) 1 (33.3)

Bulky disease, n (%)
No 52 (94.5) 23 (95.8) 20 (95.2) 6 (85.7) 3 (100)

Yes 3 (5.5) 1 (4.2) 1 (4.8) 1 (14.3) 0 (0)

Bone marrow, n (%)
No 42 (76.4) 18 (75) 15 (71.4) 7 (100) 2 (66.7)

Yes 13 (23.6) 6 (25) 6 (28.6) 0 (0) 1 (33.3)

Lymphoma therapy, n (%)
Only chemotherapy, n (%)

No 8 (14.5) 0 (0) 6 (28.6) 2 (28.6) 0 (0)

Yes 47 (85.5) 24 (100) 15 (71.4) 5 (71.4) 3 (100)
Radiotherapy, n (%)

No 47 (85.5) 20 (83.3) 17 (81) 7 (100) 3 (100)

Yes 8 (14.5) 4 (16.7) 4 (19) 0 (0) 0 (0)
Anti CD20 monoclonal.antibody, n (%)

No 28 (50.9) 7 (29.2) 13 (61.9) 5 (71.4) 3 (100)

Yes 27 (49.1) 17 (70.8) 8 (38.1) 2 (28.6) 0 (0)
Lenalidomide, n (%)

No 53 (96.4) 23 (95.8) 20 (95.2) 7 (100) 3 (100)

Yes 2 (3.6) 1 (4.2) 1 (4.8) 0 (0) 0 (0)
Bruton.s.Tyrosine.Kinase BTK Inhibitor, n (%)

No 46 (83.6) 20 (83.3) 16 (76.2) 7 (100) 3 (100)

Yes 9 (16.4) 4(16.7) 5 (23.8) 0 (0) 0 (0)
Lymphoma status at SPM, n (%)

CR 30 (54.5) 18 (75) 7 (33.3) 5 (71.4) 0 (0)

PR 10 (18.2) 3 (12.5) 5 (23.8) 2 (28.6) 0 (0)
SD 11 (20.0) 1 (4.2) 8 (38.1) 0 (0) 2 (66.7)

PD 4 (7.3) 2 (8.3) 1 (4.8) 0 (0) 1 (33.3)

Secondary cancer type, n (%)
Head,neck and breast cancer 4 (7.3) 2 (8.3) 2 (9.5) 0 (0) 0 (0)

Respiratory system cancer 13 (23.6) 8 (33.3) 3 (14.3) 2 (28.6) 0 (0)

Digestive system cancer 19 (34.5) 8 (33.3) 7 (33.3) 3 (42.9) 1 (33.3)
Reproductive system cancer 6 (10.9) 3 (12.5) 3 (14.3) 0 (0) 0 (0)

Skin and malignant melanoma 3 (5.5) 0 (0) 3 (14.3) 0 (0) 0 (0)

Hematologic malignancies 10 (18.2) 3 (12.5) 3 (14.3) 2 (28.6) 2 (66.7)
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Table 3 Basic Clinical Characteristics of Secondary Malignancies

Characteristics Total Solid Malignancies Hematologic 
Malignancies

(n = 55) (n = 45) (n = 10)

Age at diagnosis of SPM, Mean ± SD
<60 16 (29.1) 14 (31.1) 2 (20)

≥60 39 (70.9) 31 (68.9) 8 (80)

Sex, years, n (%)
Male 41 (74.5) 35 (77.8) 6 (60)

Female 14 (25.5) 10 (22.2) 4 (40)

Marital status, n (%)
Single 1 (1.8) 1 (2.2) 0 (0)

Married 53 (96.4) 43 (95.6) 10 (100)

Divorced or separated 1 (1.8) 1 (2.2) 0 (0)
Family history of, n (%)

No 48 (87.3) 39 (86.7) 9 (90)

Yes 7 (12.7) 6 (13.3) 1 (10)
Chemotherapy cycles of lymphoma, n (%)

0 6 (10.9) 5 (11.1) 1 (10)

≤4 19 (34.5) 16 (35.6) 3 (30)
>4, ≤8 26 (47.3) 22 (48.9) 4 (40)

>8 4 (7.3) 2 (4.4) 2 (20)

Lymphoma status at SPM, n (%)
CR 30 (54.5) 25 (55.6) 5 (50)

PR 10 (18.2) 9 (20) 1 (10)

SD 11 (20.0) 10 (22.2) 1 (10)
PD 4 (7.3) 1 (2.2) 3 (30)

SPM stage, n (%)
Early stage (I–II) 19 (37.3) 18 (40) 1 (16.7)

Advanced stage (III–IV) 32 (62.7) 27 (60) 5 (83.3)

SPM therapy, n (%)
Surgery-containing

No 37 (67.3) 27 (60) 10 (100)

Yes 18 (32.7) 18 (40) 0 (0)
Chemotherapy-containing

No 16 (29.1) 16 (35.6) 0 (0)

Yes 39 (70.9) 29 (64.4) 10 (100)
Radiotherapy-containing

No 45 (81.8) 35 (77.8) 10 (100)

Yes 10 (18.2) 10 (22.2) 0 (0)
Targeted.therapy-containing

No 33 (60.0) 29 (64.4) 4 (40)

Yes 22 (40.0) 16 (35.6) 6 (60)
Immunotherapy-containing

No 42 (76.4) 32 (71.1) 10 (100)

Yes 13 (23.6) 13 (28.9) 0 (0)
Other, n (%)

No 52 (94.5) 42 (93.3) 10 (100)

Yes 3 (5.5) 3 (6.7) 0 (0)
OS, Median (IQR) 5.8 (3.2, 11.9) 5.7 (3.2, 11.2) 4.9 (3.2, 13.0)

OS1 (Latency year), Median (IQR) 2.4 (1.1, 6.5) 2.4 (1.0, 6.8) 2.3 (1.4, 6.1)

OS2, Median (IQR) 1.8 (0.8, 3.7) 1.7 (0.8, 3.7) 2.3 (1.0, 5.4)

Abbreviations: CR, complete response; IQR, interquartile range; OS, overall survival; PD, progressive disease; PR, partial 
response; SD, stable disease; SPM, secondary primary malignancies.
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SPM Subtypes and Clinical Management
Among the 55 patients with metachronous SPMs (Figure 2), predominantly gastrointestinal (34.5%, n=19/55; including 
colorectal [n=9], gastric [n=6], and hepatobiliary [n=4] cancers) and respiratory malignancies (23.6%, n=13/55; lung 

Figure 2 The detailed distribution of secondary malignancies among the 55 lymphoma patients. (A) Distribution of lymphoma types. (B). Types and proportions of 
secondary malignancies. (C). Types and case numbers of secondary malignancies for each lymphoma type. 
Abbreviations: NHL, non-Hodgkin lymphoma; HL, Hodgkin lymphoma; ALL, acute lymphoblastic leukemia; AML, acute myeloid leukemia; MM, multiple myeloma; DLBCL, 
diffuse large B-cell lymphoma; FL, follicular lymphoma; CLL/SLL, chronic lymphocytic leukemia/small lymphocytic leukemia; MALT, extranodal marginal zone B-cell lymphoma 
of the mucosa associated lymphoid tissue; MZL, marginal zone B cell lymphoma; MCL, mantle cell lymphoma; LPL, plasmacytoma; AITL, angioimmunoblastic T-cell lymphoma; 
PTCL, peripheral T-cell lymphoma; NPC, nasopharynx cancer; TC, thyroid cancer; BC, Breast cancer; LC, lung cancer; CRC, colorectal cancer; GC, gastric cancer; EC, 
esophageal cancer; HCC, hepatocellular cancer; EEC, endometrial cancer; CC, cervicalcancer; VC, vaginal cancer; BlC, bladder cancer; PC, prostatic cancer; SC, skin 
cancer; MaM, malignant melanoma.

https://doi.org/10.2147/BLCTT.S616235                                                                                                                                                                                                                                                                                                                                                                                                                  Blood and Lymphatic Cancer: Targets and Therapy 2026:16 8

Qiu et al                                                                                                                                                                             

Powered by TCPDF (www.tcpdf.org)Powered by TCPDF (www.tcpdf.org)



cancer [n=11], mesothelioma [n=2]). Hematologic SPMs (n=10/55) included acute myeloid leukemia (AML, n=2), acute 
lymphoblastic leukemia (ALL, n=1), chronic myeloid leukemia (CML, n=1), multiple myeloma (MM, n=1), and 
secondary NHL (n=5). Two patients developed tertiary malignancies (both solid tumors), and one developed quaternary 
tumors.

At SPM diagnosis, 54.5% (n=30/55) of patients were in complete remission from their index lymphoma. Solid SPMs 
(n=45) were managed primarily with surgery (40.0%, n=18/45) or radiotherapy (22.2%, n=10/45), whereas hematologic 
SPMs (n=10) required systemic therapies, including chemotherapy (100%, n=10/10) and targeted agents (Table 3).

Risk Factors for SPM Development
Multivariate Cox regression of metachronous SPMs confirmed male sex (HR=2.65, 95% CI: 1.42–4.92), ECOG 
performance status ≥2 (HR=3.15, 95% CI: 1.62–6.10), extranodal involvement (HR=2.84, 95% CI: 1.60–5.02), bone 
marrow infiltration (HR=2.66, 95% CI: 1.35–5.26), and exposure to radiotherapy (HR=4.09, 95% CI: 1.79–9.36) or BTK 
inhibitors (HR=2.56, 95% CI: 1.16–5.63) as independent predictors for SPMs (Table 4 and Figure 3). Among the 101 
patients who received BTK inhibitors, 9 (8.9%) developed metachronous SPMs. All nine patients were on continuous 
BTK inhibitor therapy at the time of SPM diagnosis, with treatment lines distributed as follows: first-line (n=2), second- 
line (n=5), and third-line (n=2). No SPMs occurred after BTK inhibitor discontinuation.

Table 4 Univariable and Multivariable Analysis of Risk Factors for second Primary Malignancy

Variables Secondary 
Patients

Person- 
Years

Cumulative 
(per 1000,00 person-years)

Univariable Model 
HR[95% CI]

p value Multivariable 
Model HR[95% CI]

p value

Total 55 13,863.49 396.73

Sex, years

Male 41 7029.77 199.15

Female 14 6833.72 599.97 3.01[1.64–5.53] <0.001 2.65[1.42–4.92] 0.002

Age at diagnosis of lymphoma,years

<60 25 8847.57 282.56

≥60 30 5015.92 598.10 2.15[1.27–3.66] 0.005 1.32[0.71–2.46] 0.385

Ann Arbor stage

Early stage (I–II) 26 5357.44 485.31

Advanced stage (III–IV) 29 8506.05 340.93 0.67[0.39–1.13] 0.132

IPI score

0-1 15 5982.59 250.73

2 17 3999.44 425.06 1.61[0.80–3.22] 0.181 1.50[0.71–3.14] 0.287

3 11 2595.28 423.85 1.50[0.67–3.55] 0.233 1.31[0.54–3.19] 0.557

4-5 12 1286.18 933.00 3.49[1.63–7.45] 0.001 2.12[0.76–5.91] 0.15

ECOG score of lymphoma

0<1 39 12,906.04 302.18

≥2 16 957.45 1671.11 5.97[3.33–10.70] <0.001 3.15[1.62–6.10] 0.001

Primary site

Nodal 23 9473.59 242.78

Extranodal 32 4389.90 728.95 3.18[1.86–5.43] <0.001 2.84[1.60–5.02] <0.001

Bone marrow

No 42 12,570.23 334.12

Yes 13 1293.26 1005.21 2.81[1.50–5.23] 0.001 2.66[1.35–5.26] 0.005

LDH (IU/L)

<250 33 10,013.72 329.55

≥250 22 3849.77 571.46 1.79[1.04–3.07] 0.035 1.36[0.71–2.59] 0.357

Only chemotherapy

No 8 1145.79 698.21

Yes 47 12,717.70 369.56 0.57[0.27–1.21] 0.144 0.46[0.20–1.06] 0.069

(Continued)
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Latency Period of SPMs (OS1)
The median latency period from lymphoma diagnosis to SPM development was 2.41years (IQR, 1.08–6.54 years). 
Subgroup analysis revealed shorter latencies in aggressive B-NHL (2.79years IQR, 1.00–7.89) and T-NHL (2.58years 
IQR, 1.95–2.83) compared to HL (5.75years IQR, 1.25–11.83) (P=0.01) (Figure 4A). However, no significant difference 
was observed between solid (2.41years IQR, 1.00–6.83) and hematologic SPMs (2.37years IQR, 1.41–6.12) (P=0.92) 
(Figure 4B).

Table 4 (Continued). 

Variables Secondary 
Patients

Person- 
Years

Cumulative 
(per 1000,00 person-years)

Univariable Model 
HR[95% CI]

p value Multivariable 
Model HR[95% CI]

p value

Radiotherapy

No 48 13,160.94 364.72

Yes 7 702.55 996.37 4.67[2.41–9.05] <0.001 4.09[1.79–9.36] 0.001

Anti-CD20 monoclonal antibody

No 30 7238.48 414.45

Yes 25 6625.01 377.36 0.68[0.39–1.17] 0.165 0.91[0.50–1.63] 0.744

Lenalidomide

No 53 12,994.53 407.86

Yes 2 868.96 230.16 0.53[0.13–2.17] 0.38 0.43[0.10–1.80] 0.248

Bruton’s Tyrosine Kinase (BTK) Inhibitor

No 46 12,722.88 361.55

Yes 9 1140.60 789.06 2.29[1.06–4.98] 0.036 2.56[1.16–5.63] 0.020

Note: The proportional hazards assumption was not violated in the final multivariable Cox model based on Schoenfeld residuals (global P = 0.80).

Figure 3 Forest plot of hazard ratios for secondary primary malignancies risk factors.
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Survival Analysis
Among the entire cohort, the 5-year OS rate was 89.6% (Figure 5A). Among patients who developed SPMs, the median 
OS was 11.2 years and the 5-year OS rate was 69.6% (Figure 5B). The 10 patients with synchronous SPMs had a 5-year 
OS rate of 60.0% (Figure 5C). Patients with SPMs had significantly inferior survival compared with lymphoma patients 

Figure 4 Latency periods stratified by (A) lymphoma subtype and (B) secondary primary malignancies type. 
Abbreviations: HL, Hodgkin lymphoma; NHL, non-Hodgkin lymphoma.

Figure 5 Survival analysis for lymphoma patients developing SPMs. (A). Survival analysis for the entire cohort. (B). Survival analysis for metachronous SPMs. (C). Survival 
analysis for synchronous SPMs. (D). Survival analysis stratified by SPM status (SPM vs non-SPM). (E). Survival analysis stratified by SPM type (solid vs hematologic). (F). 
Survival analysis by lymphoma subtype in SPM patients.
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without SPMs (median OS in the SPM group, 10.3 years; log-rank padj<0.0001; Figure 5D). Among SPM patients, solid 
malignancies showed a numerically longer median OS than hematologic malignancies (12.8 vs 6.0 years), but this 
difference was not statistically significant (padj=0.76; Figure 5E). Survival differed significantly across lymphoma 
subtypes among patients with SPMs (padj=0.037; Figure 5F): the median OS was 12.75 years for aggressive B-cell 
NHL, 10.17 years for indolent B-cell NHL, 10.75 years for HL, and 3.92 years for T-cell lymphoma. In the competing- 
risk analysis accounting for death before SPM development as a competing event, 55 metachronous SPMs, 184 
competing events (death before SPM), and 1,476 censored observations were observed among the 1,715 lymphoma 
patients. The cumulative incidence of SPMs was higher in patients exposed to BTK inhibitors than in those without BTK 
inhibitor exposure. The 5-year CIF was 7.92% in the BTK inhibitor group and 2.57% in the non-BTK inhibitor group. 
The 10-year CIF was 7.92% and 2.85%, respectively, and the 12-year CIF was 7.92% and 3.42%, respectively. Gray’s 
test showed a statistically significant difference between the two groups (P = 0.007) (Table S1).

Discussion
This study furnishes critical insights into the incidence, risk factors, and survival outcomes of SPMs in Chinese 
lymphoma patients treated with contemporary therapies, including chemotherapy, radiotherapy and targeted therapy. 
Our findings both corroborate and expand upon prior reports concerning SPMs epidemiology within Western cohorts, 
while underscoring unique population-specific patterns necessitating tailored survivorship strategies.19–21 Furthermore, 
when considered in conjunction with emerging research highlighting the influence of primary nodal site on SPM risk in 
NHL patients, our data contribute to a more nuanced understanding of the complex landscape of SPM development post- 
lymphoma.

The cumulative incidence of SPMs in our cohort (3.2%) was lower than the 9.2% reported in the SEER-based 
study by Rock et al21 This discrepancy likely reflects population-specific differences, evolution of treatment 
paradigms, and our longer median follow-up (8.26 vs 5.83 years) may paradoxically reflect higher competing 
mortality from lymphoma or other causes, as formalized in our competing-risk analysis. An elevated SPM risk 
associated with BTK inhibitors was observed, although the underlying mechanisms remain hypothetical.6,22,23 

Similarly, radiotherapy was associated with an increased risk, consistent with established carcinogenic effects of 
ionizing radiation,24–26 although our cohort exhibited a predominance of gastrointestinal and respiratory malignan
cies, contrasting with the bladder cancer predominance reported in long-term SEER analyses.21,27 It’s important to 
note, as highlighted by studies focusing on NHL primary nodal sites, that radiotherapy to specific areas, such as the 
head and neck region, has been linked to increased risks of thyroid and other cancers, suggesting a localized impact 
of treatment modalities.24,28,29

The pronounced male predominance (male-to-female ratio: 2.9:1) and association with extranodal disease (HR=2.84) 
observed in our cohort have not been emphasized in prior studies, and may reflect ethnic variations in genetic 
susceptibility (eg TP53 R72P polymorphism prevalence in Asians) or lifestyle factors (eg smoking rates)30,31 

Conversely, the reduced bladder cancer risk in our cohort compared to Western data potentially stems from differential 
screening practices or genetic modifiers.32,33 This contrasts with findings in NHL patients categorized by primary nodal 
site, where site-specific risks are more prominently featured rather than broad demographic factors like sex.

A notable finding was the identification of male sex, ECOG performance status ≥2, extranodal involvement, bone 
marrow infiltration, radiotherapy, and BTK inhibitor exposure as independent risk factors for SPMs. The association 
between BTK inhibitor exposure and increased SPM risk remained significant in multivariable Cox regression, with the 
proportional hazards assumption confirmed. Competing-risk analysis further demonstrated a significantly higher cumu
lative incidence of SPMs among patients receiving BTK inhibitors, consistent with prior evidence that chronic B-cell 
receptor inhibition may impair immune surveillance and promote clonal evolution.6,22,23 However, this finding should be 
interpreted cautiously. In China, BTK inhibitors were introduced later and incorporated into national medical insurance 
coverage only in 2018, resulting in predominant use in later-line or salvage settings; consequently, patients receiving 
BTK inhibitors may have had more advanced disease, heavier prior treatment exposure, and closer clinical monitoring, 
potentially introducing residual confounding. The association between radiotherapy and SPMs aligns with established 
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carcinogenic effects of ionizing radiation.24–29 These readily available variables may serve as practical indicators for 
preliminary SPM risk stratification.

Patients with high-risk features—particularly those with prior radiotherapy exposure or receiving continuous BTK 
inhibitor therapy—may benefit from intensified long-term monitoring, including symptom-guided assessment, age- 
appropriate gastrointestinal cancer screening, and low-dose chest CT in selected high-risk individuals.16,30,34 In the 
future, integrating molecular biomarkers such as clonal hematopoiesis of indeterminate potential (CHIP) into predictive 
models may further refine risk stratification and optimize survivorship management.35–37

We found in this study that: survival analysis of SPMs across lymphoma subtypes revealed a paradoxical prognostic 
pattern: patients with aggressive B-cell lymphomas (eg, DLBCL) who developed SPMs exhibited superior OS compared 
to those with indolent B-cell lymphomas (eg, follicular lymphoma), contrasting with the established prognosis of de novo 
lymphomas (where aggressive subtypes typically confer poorer survival).38,39 This counterintuitive observation may be 
attributed to two interrelated mechanisms: 1. Divergent disease trajectories: Aggressive B-cell lymphoma patients 
demonstrated significantly prolonged latency periods before SPM development,40,41 with 75% achieving sustained 
complete remission of their primary lymphoma at SPM diagnosis. Consequently, their OS was predominantly influenced 
by SPM progression rather than lymphoma activity. 2. Dual disease burden: In contrast, 61.9% indolent B-cell lymphoma 
patients maintained stable disease or partial remission of their primary lymphoma at SPM onset, resulting in compounded 
mortality risks from both persistent lymphoma and secondary malignancy. These findings underscore the critical inter
play between lymphoma biology, treatment-induced remission status, and SPM-related survival outcomes, challenging 
conventional prognostic paradigms based solely on primary tumor aggressiveness. In addition, among SPM patients, 
those with solid malignancies had a numerically longer median survival than those with hematologic malignancies (12.8 
vs 6.0 years), although the difference did not reach statistical significance (log-rank P=0.76), This apparently paradoxical 
finding primarily reflects imbalance in group sizes, which substantially limited statistical power. Nevertheless, the 
6.8 year absolute survival gap carries clear clinical relevance, suggesting that hematologic SPMs may represent 
a prognostically inferior subtype—consistent with the recognized aggressive biology and short survival of therapy- 
related myeloid neoplasms. Accordingly, this descriptive observation is awaiting validation in larger, adequately powered 
cohorts.

This study has several limitations. First, its retrospective, single-center design may introduce selection bias and limit 
generalizability. Although proportional hazards assumptions were assessed and competing-risk analysis was performed to 
improve methodological robustness, the total number of SPM events remained limited, particularly among BTK 
inhibitor–exposed patients (n = 9), potentially reducing statistical power and increasing uncertainty in effect estimation. 
Second, several important confounders—including smoking status, alcohol consumption, environmental exposure, 
genetic susceptibility, and molecular markers such as CHIP—were not fully captured.35–37 Third, as patients with 
more advanced lymphoma or those receiving targeted therapies may undergo more frequent follow-up imaging, 
potentially leading to earlier detection of SPMs. This surveillance bias may have artificially inflated the observed 
cumulative incidence in the BTK inhibitor group. Finally, although the median follow-up duration of 8.26 years allowed 
evaluation of early and intermediate SPM events, it may still underestimate the incidence of late-onset solid tumors with 
longer latency periods. Therefore, larger multicenter prospective studies involving more diverse populations, longer 
follow-up, and more detailed treatment and molecular data are warranted to validate the present findings.

In conclusion, this exploratory study systematically evaluated the incidence, risk factors, and survival impact of SPMs 
among Chinese lymphoma patients in the era of modern targeted therapy. SPMs were associated with inferior survival, 
with gastrointestinal and respiratory malignancies representing the predominant secondary tumor types. Radiotherapy 
and BTK inhibitor exposure, together with several baseline clinicopathological features, may help identify patients 
requiring intensified surveillance. These findings support a transition toward precision, risk-adapted survivorship care in 
lymphoma patients.
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Data Confidentiality
All patient data were de-identified prior to analysis to ensure confidentiality. Access to raw data was restricted to 
authorized researchers, and all analyses were performed on encrypted servers compliant with the General Data Protection 
Regulation (GDPR) and Chinese Data Security Law.
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