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Abstract

Previous studies in other provinces of China (Beijing, Xinjiang, Shanxi, Jiangxi, Shanghai, 

Guangdong, and Taiwan) suggest that the distributions of lymphoma subtypes differ compared 

with Western populations. In order to evaluate the characteristics of malignant lymphoma in 

Sichuan, China, we analyzed case series data from incident lymphoma patients diagnosed in 2008 

from three hospitals, including a total of 1629 cases and including only current residents of 

Sichuan. The median age of diagnosis for cases was 54 years, with a higher proportion of male 

cases compared with female cases. The most commonly diagnosed subtypes included diffuse large 

B-cell lymphoma (40.4%), NK/T-cell lymphoma (NKTCL; 11.8%), mixed cellularity Hodgkin 

lymphoma (7.0%), mantle cell lymphoma (4.8%), and marginal zone B-cell lymphoma (3.9%). 

Differences in demographic characteristics between Hodgkin lymphoma (HL) and non-Hodgkin 

lymphoma (NHL) cases were apparent for median age at diagnosis (HL: 34 years; NHL: 57 

years), and NHLs accounted for nearly all (99.3%) of the 931 cases of extranodal lymphoma. 

These findings indicate a higher proportion of NKTCL cases and a lower proportion of follicular 

lymphoma cases (2.3%) in these hospitals in Sichuan, relative to reports from some other 

provinces within China (e.g., Shanghai and Shanxi) and the USA.

*Correspondence to: Dr Cai-gang Xu, Department of Hematology, Hematology Research Laboratory and Pathology, West China 
Hospital of Sichuan University, Chengdu, Sichuan 610041, China. xucg@cdi20.com.
†These authors co-supervised this work
‡These authors contributed equally to this work
§This author has been employed at the Department of Hematology, the affiliated Hospital of Luzhou Medical College.

Conflict of interest
The authors have declared that there is no conflict of interest.

HHS Public Access
Author manuscript
Hematol Oncol. Author manuscript; available in PMC 2019 September 25.

Published in final edited form as:
Hematol Oncol. 2016 December ; 34(4): 193–199. doi:10.1002/hon.2202.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Keywords

lymphoma; China; geographical variation; descriptive epidemiology

Introduction

The highest incidence rates of lymphoma are observed in Western countries, whereas 

comparatively lower incidence rates have been reported in Eastern Asia [1]. The incidence 

rates of non-Hodgkin lymphoma (NHL) in men and women from the USA are 15.5/100,000 

and 10.8/100,000, respectively, based on data from Cancer Incidence in Five Continents Vol. 

X, whereas NHL rates in China range from 2.1 to 7.4/100,000 in men and 1.4 to 5.4/100,000 

in women across different Chinese registries [2]. Similar differences have been reported for 

Hodgkin lymphoma (HL), where the incidence rate in China is <1 case/100,000 in both men 

and women. Nonetheless, lymphoma overall is currently one of the top ten malignancies in 

China in terms of incidence, with an age-standardized incidence rate of 3.75 cases/100,000 

[3].

Case series and registry data have provided evidence for geographic variability in the 

histological distribution of lymphoma subtypes both between China and Western countries 

as well as, in some cases, within regions of China [4–7]. One of the most defining 

differences is a decreased frequency of follicular lymphoma (FL) and chronic lymphocytic 

leukemia/small lymphocytic lymphoma (CLL/SLL) in China compared with the West, while 

a comparatively higher proportion of NK/T-cell (NKTCL) lymphomas have been reported in 

Chinese patients [5]. Evaluation of the variation in diagnosed lymphoma subtypes and 

characteristics of the cases in China compared with the West may provide clues concerning 

the etiological factors responsible for this disease. The objective of our study was to analyze 

the histological classification, age, gender, and other characteristics of 1629 newly 

diagnosed lymphoma cases in 2008 from three main hospitals in Sichuan province, China, 

with cases restricted to include only current residents of this province.

Methods

Data from 1629 newly diagnosed lymphoma cases were collected from three hospitals in 

Sichuan, including the West China Hospital of Sichuan University, Sichuan Tumour 

Hospital, and Sichuan Provincial People’s Hospital from 1 January 2008 to 31 December 

2008. Cases included inpatients, outpatients, and referral and consulting cases from outside 

the hospital. Of the 1629 cases, 1161 were identified from consultation results. All cases 

were restricted to current residents of Sichuan. A previous evaluation of lymphoma patients 

diagnosed from 2000 to 2008 at West China Hospital has been conducted but ~50% of the 

study population was consultant cases from all areas of southwestern China [4].

The three hospitals included in our study are the primary hospitals that care for lymphoma 

cases from all over Sichuan, accounting for about 70% of the total lymphoma cases in the 

province. Moreover, the Department of Pathology of West China Hospital is one of the 

leading lymphoma pathology consultation centers in China, as almost all of the newly 

diagnosed lymphoma specimens are sent here for final histological confirmation. For this 
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reason, the newly diagnosed lymphoma cases in the three hospitals may account for >80% 

of the total cases in Sichuan, and are therefore believed to be generalizable to the case 

distribution of the overall province. We analyzed the characteristics for these 1629 cases by 

age, gender, pathological classification, and urban versus rural residence. Pathological 

diagnoses were made after consultations with two highly experienced pathologists, and cases 

were classified according to the 2008 World Health Organization criteria. We further 

estimated the crude incidence rate of lymphoma in Sichuan using population data from the 

Sichuan Provincial Bureau of Statistics for 2009 and based on the assumption that the 

number of cases in our study represents 80% of the total cases diagnosed in the province in 

2008 [i.e., (total cases÷ 0.80) ÷population]. The population of Sichuan province in 2008 was 

89.078 million, including 46.077million males and 43.001 million females. Among them, 

17.35% of the population was under the age of 14 years. The study involved analysis of data 

abstracted from hospital records without recording of personal identifiers and conformed to 

the provisions of the Declaration of Helsinki. All statistical analyses were conducted using 

SPSS version 17.0.

Results

Gender distribution

Of the 1629 incident lymphomas, there were 1033 male and 596 female patients (male : 

female ratio of 1.73:1). The estimated crude incidence rate of lymphoma for Sichuan in 

2008 was approximately 2.29/100,000 for men and women combined. For men and women 

separately, the estimated crude rates were 2.80/100,000 and 1.73/100,000, respectively. A 

higher number of male cases relative to female cases were observed for both HL (1.48:1) 

and NHL (1.76:1). Further, a higher proportion of male cases was observed for the majority 

of the lymphoma subtypes (Table 1), with the exception of nodular sclerosis HL (NS-CHL; 

M:F, 1:1.71) and anaplastic large cell lymphoma (ALCL), which had similar proportions of 

diagnosed males and females (M:F, 1:1.04).

A striking male predominance was observed for angioimmunoblastic T-cell lymphoma 

(AITL), peripheral T-cell lymphoma not otherwise specified (PTCL-NOS), and NK/T-cell 

lymphoma (NKTCL) with male to female ratios of 3.08:1, 2.86:1, and 2.25:1, respectively 

(Table 1).

Age distribution

The age distributions and median age of cases by subtype are shown in Table 1. For all 

lymphomas, the majority of patients were between 60 and 69 years (21.3%), 50 and 59 years 

(21.0%), and 40 and 49 years (14.5%), while fewer patients were between 12 and 18 years 

(4.8%) and older than the age of 80years (1.5%). Cases of HL and NHL showed differences 

in age distributions at diagnosis (Figure 1). For HL, age at diagnosis ranged from 4 to 78 

years with a median age of 34 years. A peak at 10–29 years of age and a second small peak 

at 50–69 years was apparent (Figure 1A). The median age at diagnosis was younger for NS-

CHL cases, with a median age of onset of 26 years, compared with mixed cell type [mixed 

cellularity classical Hodgkin lymphoma (MC-CHL)] cases who had a median age of 39 
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years at diagnosis; 57.9% of NS-CHL patients had an age of onset between 10 and 29 years, 

but no second peak was evident in the 50–69 years age group.

For NHL patients, the range of ages at diagnosis was between 2 and 93 years with a median 

of 57 years old. The highest peak in diagnoses was most evident for patients between the 

ages of 50 and 69 years (Figure 1B). For most pathological types, median ages of onset were 

between 57 and 63 years, while Burkitt lymphoma (median age 13 years), ALCL (median 

age 37 years), and NKTCL (median age 45 years) were more likely to be diagnosed in 

adolescents and young adults. Conversely, AITL (median age 67 years) was most commonly 

diagnosed in older individuals, as patients >50years old accounted for 91.8% of these cases.

Urban versus rural distribution

According to the patient’s residence address identified from telephone follow-up, 955 

patients were from urban areas and 674 were from rural areas (urban: rural ratio of 1.42:1 

for lymphoma overall). These ratios for individual lymphoma subtypes are shown in Table 1. 

For HL, the ratio of urban to rural residence was 1.45:1, and for NHL patients it was 1.32:1. 

With the exception of ALCL, which had a slightly higher number of patients diagnosed from 

rural areas (urban : rural =1:1.22), the proportion of other subtypes for both HL and NHL 

was higher in patients from urban areas. This was particularly the case for NKTCL (urban: 

rural, 2.31:1) and marginal zone lymphoma (MZL) (urban: rural, 3:1; Table 1).

Pathological subtype composition

Of the 1629 lymphomas, 164 were pathologically confirmed HL (10.1%) while 1465 were 

NHL (89.9%). The most common diagnosed subtypes were diffuse large B-cell lymphoma 

(DLBCL) (n = 658,40.4%), followed by NKTCL (n =192,11.8%), MC-CHL (n =114,7.0%), 

mantle cell lymphoma (MCL) (n = 78, 4.8%), MZL (n = 64 cases, 3.9%), CLL/SLL (n = 61, 

3.7%), PTCL-NOS (n = 54, 3.3%), ALCL (n = 51, 3.1%), AITL (n = 49, 3.0%), NS-CHL (n 
= 38, 2.3%), and FL (n = 37, 2.3%), as shown in Table 1 and Figure 2.

Of the 164 HLs, MC-CHL was the most common diagnosis (69.5%) followed by NS-CHL 

(23.2%). Conversely, nodular lymphocyte predominant Hodgkin’s lymphoma (NLPHL) and 

lymphocyte rich classic Hodgkin’s lymphoma (LR-CHL) accounted for a relatively small 

proportion of HL cases (5.5% and 1.8%, respectively; Figure 2). Of the 1465 NHLs, 67.7% 

were mature B-cell lymphoma (n = 992), mature T-cell and NK-cell lymphoma accounted 

for 27.5% (n = 403), and precursor lymphocyte neoplasms (PLBL) accounted for 4.8% (n = 
70), including B lymphoblastic leukemia/lymphoma and T lymphoblastic leukemia/

lymphoma. Of the B-cell lymphomas, the top five subtypes overall were: DLBCL (66.3%), 

MCL (7.9%), MZL (6.5%), CLL/SLL (6.2%), and FL (3.7 %), which accounted for a total 

of 90.5% of the cases. For T-cell and NK-cell lymphoma cases, the most common subtype 

was NKTCL (47.6%), followed by PTCL-NOS (13.4%), ALCL (12.7%), and AITL (12.2%; 

Figure 2).

Of the DLBCL cases, 142 cases were further classified as germinal center B-cell lymphoma 

(GCB) and non-germinal center B-cell lymphoma (non-GCB) according to the 

immunophenotyping. Whereas GCB (n = 35) was slightly more common in women (male: 

female, 1:1.05), cases of non-GCB (n =107) were more commonly diagnosed in men (male: 
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female, 1.38:1). The median age of diagnosis was similar for these two subtypes (53 and 56 

years, respectively).

Additionally, 57 pediatric lymphomas were diagnosed. Of these, there were 16 cases of HL 

(28.1%), of which MC-CHL was the most common subtype (n = 14, 87.5%). Of the 

pediatric NHLs, the most common subtypes were PLBL (n =13, 31.7%), Burkitt (n = 13, 

31.7%), DLBCL (n = 5, 12.2%), and ALCL (n = 4,9.8%).

Primary sites by histological subtype

Of the 1629 lymphoma cases, 698 cases presented in nodal sites, accounting for 42.9% of 

the cases. Of these, the top three subtypes included HL, AITL, and FL, with proportions of 

nodal lymphoma of 95.7%, 93.9%, and 83.8%, respectively. NHLs accounted for the 

majority (99.3%) of the 931 cases of extranodal lymphoma, with the highest percentages 

observed for NKTCL (97.9%) and MZL (81.2%). Table 2 shows the anatomical sites most 

commonly involved for the extranodal lymphomas. The gastrointestinal tract, nasopharynx 

regions, tonsil, and skin represented the most frequently involved extranodal regions, 

accounting for 24.1%, 18.6%, 5.4%, and 4.2% of cases, respectively. DLBCL was found to 

be the most common subtype of the 226 lymphomas initially occurring in the 

gastrointestinal tract (62.8%), followed by MALT (18.6%). NKTCL was the most common 

subtype of the 174 cases occurring in the nasopharynx (73.0%), and PTCL-NOS was the 

most common subtype involving the skin.

In 142 DLBCL cases with further differentiation of subtypes, 40% of the 35 GCB-DLBCL 

presented in nodal sites, and the cases originating in extranodal sites mainly involved the 

gastrointestinal tract (n = 10, 47.6%). In 107 non-GCB-DLBCL cases, 36 cases (33.6%) 

started in nodal sites at diagnosis. Extranodal sites involved were broad, with the 

gastrointestinal tract accounting for 16.9%.

Discussion

Based on our data, the estimated crude incidence rate of lymphoma in Sichuan was 

approximately 2.29/100,000, which is somewhat lower than the crude incidence rate of 

6.68/100,000 reported for lymphoma in China (age-standardized rate 3.75/100,000) [3]. Our 

data indicated a relatively high proportion of NKTCL and a lower proportion of FL 

compared with the West, and suggested distinct demographic characteristics of the examined 

subtypes by factors such as age, gender, and residence.

Our data showed a male to female ratio of 1.73:1 for all lymphoma, which is relatively 

consistent with previous studies in China, but the male predominance in Sichuan surmounts 

what has been reported in Japan (1.2:1), Korea (1.6:1), and North America (~1.25:1) [8–14]. 

Among the lymphoma cases derived from T-cells or NK cells, a high proportion of males 

was evident. The distribution of ALCL in our study was similar between men and women, 

which is inconsistent with other Asian populations where a higher proportion of cases was 

observed in men [12], and is also quite different from the previous reports in Sichuan that 

included patients only from West China Hospital, where the male to female ratio was 

reported to be 1.5:1 and 1.78:1 [4,15].
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A high proportion of lymphoma cases in our population was concentrated in people between 

30 and 79 years, especially between the ages of 50 and 69 years, while patients <30 years 

and >80 years old at diagnosis were rare. Although malignant lymphoma represents a large 

proportion of pediatric and adolescent tumors, its incidence is lower in these groups than in 

adults [16]. Given the average life expectancy of 75 years in Sichuan, it is not unexpected 

that the proportion of cases over 80 years old was low. The median age of HL was 34 years 

old, similar to in the USA. The age distribution of HL had a peak at 10–29 years of age and 

a second peak at 50–69 years, which is inconsistent with previous observations from 

Sichuan based on one hospital where the proportion of HL cases gradually declined with age 

[4]. Conversely, the age distribution of NHL cases was concentrated in those 50–70 years 

and showed a single-peak distribution. Among specific NHL subtypes, NKTCL, Burkitt, and 

ALCL patients were diagnosed at a younger age, while AITL patients were older, which is 

consistent with previous reports elsewhere in China [6–9].

A higher incidence of lymphoma in China has previously been reported for people in urban 

compared with rural regions [17], which is consistent with our data. The proportions of 

nearly all subtypes were higher in urban areas, and MZL and NKTCL specifically were 2–3 

times higher in urban residents than in rural ones. There are several potential reasons for 

these observations. Rural patients may seek treatment less consistently than patients in urban 

areas, leading to a decrease in early detection rates in these patients. The differences may 

also be the result of environmental factors that differentially affect those living in urban 

compared with rural areas, such as increased exposure to solvents, which have been 

associated with NHL risk in some studies [18]. ALCL was the only subtype in which there 

were a higher proportion of cases in rural areas, but the reason for this remains unclear given 

that the etiology of ALCL specifically is not well understood.

We observed that, compared with NS-CHL, MC-CHL was the most commonly diagnosed 

HL subtype. Parkin also reported MC-CHL predominance in developing countries, while 

NS-CHL accounts for the marked peak in developed countries [19]. For NHL, B-cell 

lymphoma was observed to account for the majority of diagnoses, similar to previous reports 

in China [20,21]. DLBCL was the most common subtype reported, which is consistent with 

reports in other Chinese populations [7,11,20,22], including in a previous case series of 

patients in the Sichuan region (53.3%) [4]. Further, the proportion of GCB cases observed in 

our study, about 25%, was similar to a previous case series in Shanghai (22%) [23], but less 

than in Western countries (50%) [24].

The most obvious differences in the subtype distributions observed in our study, as 

compared with those in Western populations, was for FL and NKTCL. However, some other 

notable differences were observed including a smaller proportion of CLL/SLL (3.7% in 

Sichuan compared with >10% generally observed in analyses in the USA) and a slightly 

higher proportion of several T-cell subtypes including PTCL-NOS, ALCL, and AITL 

compared with the US SEER population [25]. While the etiology of these specific T-cell 

subtypes is not well-understood, evidence suggests that the lower incidence of CLL/SLL in 

Chinese may be largely driven by differences in the risk allele frequencies of associated 

genetic variants [26]. On the other hand, it is apparent from our data that some subtypes, 

such as Burkitt lymphoma, are rare in both the Chinese and US populations, and therefore 
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the extent of the geographic variation is not as apparent. The fact that geographic differences 

are notable for some subtypes but not others suggests a complex etiological profile for 

lymphoma that likely varies by disease subtype [27]. Subtype-specific associations with 

putative genetic and environmental risk factors will require further study in large-scale 

epidemiological studies of Chinese individuals to elucidate the reasons for these observed 

descriptive patterns.

The sites of onset were notably different for various subtypes, and DLBCL was found to be 

the most common subtype for both extranodal and nodal lymphomas. The proportion of 

nodal lymphomas for GCB was slightly higher than that of non-GCB, contrary to Lu’s 

report [28], which could be the result of the small samples or the potential for selection bias. 

NKTCL and MZL cases were mainly of extranodal onset with the remaining subtypes 

primarily involving the lymph nodes. Almost all of the HL cases were nodal onset, similar to 

the report of Groves et al. [29]. The proportion of extranodal lymphoma in our study, nearly 

58%, was higher compared with the US proportion of 27% [29]. On the other hand, 58% of 

cases were reported to be extranodal in a study conducted in Beijing, while a similar 

percentage of NHLs, ~54%, were extranodal in a previous report from Sichuan [4,30]. 

Differences in the geographical distribution of the extranodal lymphomas may be related to 

environmental factors, although other factors such as disease misclassification or missed 

diagnoses could also partially explain the findings.

Overall, our study suggests a high proportion of NKTCL cases that could explain the higher 

proportions of extranodal cases in Sichuan, and a low proportion of FL cases as compared 

with Western countries. In particular, the frequency of FL was only 2.3% of diagnosed 

lymphomas, which is lower than proportions reported in some other Chinese provinces such 

as Shanghai [7] and Shanxi [20], and also lower than in Western countries [25]. While these 

data provide an indication of geographic variation in lymphoma subtype patterns, a 

limitation is that we were unable to calculate age-adjusted incidence rates for specific 

subtypes in Sichuan because we did not have data on all cases diagnosed in the province. 

However, we believe that our case series is generalizable to that of overall Sichuan province 

given that we included the three primary hospitals that diagnose the majority of cases and 

also restricted the study population to cases who were current residents of Sichuan. Our 

findings suggest the need for additional etiological studies of lymphoma in the Chinese 

population to evaluate potential explanations for the geographic differences in the 

descriptive epidemiology.
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Figure 1. 
Distributions of Hodgkin lymphoma (HL) and non-Hodgkin lymphoma (NHL) by age at 

diagnosis. Distributions of HL by age at diagnosis (A). Distributions of NHL by age at 

diagnosis (B)

Wang et al. Page 10

Hematol Oncol. Author manuscript; available in PMC 2019 September 25.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Figure 2. 
Distribution of lymphoid neoplasms by subtype and sex. PLBL, precursor lymphocyte 

neoplasms; DLBCL, diffuse large B-cell lymphoma; MCL, mantle cell lymphoma; MZL, 

marginal zone lymphoma; CLL/SLL, chronic lymphocytic leukemia/small lymphocytic 

lymphoma; FL, follicular lymphoma; LPL, lymphoplasmacytic lymphoma; NKTCL, NK/T-

cell lymphoma; PTCL-NOS, peripheral T-cell lymphoma not otherwise specified; AITL, 

angioimmunoblastic T-cell lymphoma; ALCL, anaplastic large cell lymphoma; MF, mycosis 

fungoides; MC-CHL, mixed cellularity classical Hodgkin lymphoma; NS-CHL, nodular 

sclerosis classical Hodgkin lymphoma; LD-CHL, lymphocyte depleted classical Hodgkin 

lymphoma; LR-CHL, lymphocyte rich classical Hodgkin lymphoma; NLPHL, nodular 

lymphocyte predominant Hodgkin lymphoma
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