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Abstract
Background: The aim of the study was to characterize the histological and epide-
miological features of lung cancer in Chinese women.
Methods: Demographic and histological information on female lung cancer cases
identified during 1 January 2000 through 31 December 2012 from the Cancer Hos-
pital of the Chinese Academy of Medical Sciences were collected. The International
Classification of Diseases for Oncology system was used to classify the histological
subtypes. Relative frequencies (RF) were estimated for major histological subtypes
and compared by the years of diagnosis and birth, and among residential areas. Sta-
tistical differences were tested for RFs in the time periods with a trend test and with
Pearson Chi square tests for distribution.
Results: Of 7070 female Chinese lung cancer cases, the major histological subtypes
were adenocarcinoma (ADC) 65.79%; squamous cell carcinoma (SCC) 10.21%;
small cell cancer 8.12%; large cell carcinoma, 2.79%; and adeno-squamous carci-
noma (ASC), 2.19%. ADC increased, with RFs from 46.72% in the cases identified in
2000–2002 to 76.49% in 2011–2012 (Z = 16.998, P < 0.0001); SCC decreased from
15.69% to 5.97% (Z = −8.750, P < 0.0001). Compared to the cases identified in 2000–
2006, the age-adjusted RFs of ADC in 2007–2012 consistently increased in all study
areas.
Conclusion: The significant increase of ADC of the lung in Chinese women sug-
gests that a persistently strong exposure to potential carcinogens in the Chinese
population should be further and fully investigated.

Introduction

Lung cancer has been reported as the most common cause of
cancer in Chinese women, with an age-standardized mortal-
ity rate (ASR, for world standard population) of 17.27 per
100 000 women reported by the Chinese National Cancer
Registry System. Lung cancers have accounted for more than
one fifth of all causes of female cancer deaths since 2006.1–4 It
is estimated that a total of 150 000 Chinese women died from
malignant neoplasms of the trachea, bronchus, and lung
(International Classification of Diseases [ICD]-10, C33-34),
accounting for 23.3% of all cancer deaths in 2010.5 However,

in the 1970’s, the ASR of lung cancer among Chinese women
was only five per 100 000, contributing to 6% of cancer cases;
data from the female population in 94% of the residential
areas showed mortality rates under eight per 100 000 for lung
cancer.3,4 Dramatic increases in lung cancer mortality among
women over recent decades highlight the high risk of lung
cancer in Chinese women, and the challenges of cancer pre-
vention and control in China.

The histologic types of lung cancer are classified into four
main sub-types: squamous cell carcinoma (SCC), adenocar-
cinoma (ADC), small cell carcinoma (SCLC), and large cell
carcinoma (LCC). The rates and distribution of histological
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types of lung cancer have changed substantially in men and
women over the last decades in many western countries.6–9

Rates of SCC and SCLC among women were generally found
to increase, especially in the Netherlands and Norway, while
SCC rates among men declined 30% or more in North
America and some European countries; the SCLC rate
decreased less rapidly.6 Among men and women, ADC rates
rose in virtually all areas of Europe, with a more rapid
increase in women, with rates more than doubling in Norway,
Italy, and France. Incidence rates of all lung cancer types
among women and ADC among men and women continue
to rise, despite declining cigarette use in many western coun-
tries and shifts to filtered/low-tar cigarettes. The changes over
time in the incidence of lung cancer in men and women in
western countries are primarily attributed to changes in
smoking prevalence and a new generation of cigarettes.9–11

Increases in ADC are considered the reflection of an increase
over time in the use of filter-tripped and low-tar cigarettes.12

Understanding the histologic and epidemiological patterns of
lung cancer can provide scientific clues to identify the etio-
logical factors for effective cancer control programs.

In Chinese women, both the rates of current smoking and
ever smoking have been historically low, all less than 3%.13

However, epidemiological research has shown that cigarette
smoking increases the mortality of lung cancer by two to
three times in female smokers, similar risks as those found in
Chinese male smokers compared to non-smokers.14,15 Among
non-smoking women, risk factors for lung cancer, including
secondhand smoking (SHS) or environmental smoking
(ETS), occupational exposures, fried cooking or cooking
fume exposures,16–22 were reported. High ASRs of lung cancer
were observed among women exposed to high levels of air
pollution by burning “smoky” coal indoors.23 While rapid
increases of lung cancer incidence and mortality rates have
been observed, there is limited information on the distribu-
tion of histological subtypes of lung cancers among Chinese
women in scientific literature.1–3 There was no adequate his-
tological data from the cancer registration system available to
be used to explore the causal links between exposure and
development of lung cancer in Chinese women.

In this study, we report our analysis on the data of Chinese
female lung cancers identified at the Cancer Hospital of the
Chinese Academy of Medical Sciences – Peking Union
Medical College (CHCAMS-PUMC) from 2000 to 2012.

Materials and methods

CHCAMS-PUMC in Beijing is one of largest and oldest
“class-A”cancer hospitals in China. It has approximately 1200
beds, and services patients from Beijing and all areas of main-
land China. It offered comprehensive surgical treatment,
radiotherapy, chemotherapy, therapeutic and pathologic ser-
vices, and consultation to more than 600 000 patients in 2012.

Data sources and selection of cases

Data on female lung cancer cases (ICD-10, C34), confirmed
by histology, were collected from the health information
system of the CHCAMS-PUMC during the period of 1
January 2000 through 31 December 2012. The cases with
complete and valid International Classification of Diseases
for Oncology (ICD-O) (sub-site, grade, histological diagno-
sis) and demographic information (age, year of birth, date of
diagnosis, residential area) were selected as study subjects.
The area and time variations in more than 200 patients with
lung cancer from nine geographic areas were analyzed in this
study.

Classification of the study cases

The International classification system was used to define his-
tologic subtypes.24 Lung cancers (ICD-10 coded as C34.1 to
C34.9) were sub-divided into SCC (M8050, M8070, M8082,
M8083), ADC (M8140, M8144, M8200, M8211, M8250,
M8251, M8255, M8260, M8263, M8323, M8333, M8490,
M8550, or M8574), SCLC (M8041, or M8045), LCC (M8012,
M8013, or M8046), adeno-squamous carcinoma (ASC)
(M8560), carcinoid tumor (M8240, M8244, or M8249), sar-
comatoid tumor (M8033, M8430, or M8480) or other tumor
(M8010, M8020, or M8022). Analyses were limited to histo-
logic sub-groups with at least 100 cases diagnosed during the
study period.

Statistical analyses

SAS 9.1 (SAS Institute, Inc., Cary, NC) statistical software was
used for data management and analysis. Relative frequencies
(RF) of the most frequent histological subtypes/groups of
lung cancer were calculated by year of diagnosis, year of birth,
and age group. A Pearson Chi-square test was used for statis-
tical testing by histologic subtype, and Z values in trend tests
for continuing time periods and age groups. Estimations were
made for the area-specific RFs of main histological subtypes,
adjusted by the year of diagnosis (1-year interval) and the
year of birth (5-year intervals). Area-specific RFs for SCC and
ADC were adjusted by age (5-year intervals) and stratified by
year of diagnosis (before or after 2007), using the factors
derived from all study cases. All P-values quoted are two-
sided and values less than 0.05 were considered statistically
significant.

Results

A total of 7125 female lung cancer cases were identified from
the CHCAMS-PUMC health information system and the
data were collected without including names or personal
identifying information. The cases with valid and complete

Histology of female lung cancer X.N. Zou et al.

448 Thoracic Cancer 5 (2014) 447–454 © 2014 Tianjin Lung Cancer Institute and Wiley Publishing Asia Pty Ltd



information on histology and demography were selected
after deleting the duplicates, missing values in histology, date
of birth, date of diagnosis, and residential area. Finally, a total
of 7070 cases of lung cancer in Chinese women were selected
as study subjects.

Overall, the most frequent histological sub-types of lung
cancer in women in the study cases were ADC (4651 cases,
65.79%); SCLC (722 cases, 10.21%); SCC (574 cases, 8.12%);
LCC (197 cases, 2.79%); and ASC (155 cases, 2.19%). In the
cases of ADC, 35.04% were poorly, 50.55 moderately, and
14.41% well differentiated by grade, while in the cases of SCC,
38.47% were poorly, 50.12% moderately, and 13.87% well
differentiated. All lobes of the lung were involved, however,
the upper (42.55%) and lower (32.23%) lobes were the main
sub-sites of disease occurrence.

As shown in Table 1, the number of female lung cancer
cases of all histologic subtypes increased through the study
period. The subtotal of all cases diagnosed in 2007–2012
(65.79%) was nearly double the number in 2000–2006
(34.21%). There were 83.54% of cases aged 45 to 74 years, and
most frequent cases were found in ages 55–64 years. Almost
80% (79.83%) of cases came from six provincial areas includ-
ing Beijing (36.73%), Hebei (14.00%), Neimenggu (8.15%),
Heilongjiang (7.30%), Liaoning (6.89%), and Shandong
(6.01%).

Figure 1 shows the RFs of the five histological sub-types of
lung cancer diagnosed in 2000 to 2012 in women in this study.

Significant increases of RFs in ADC (from 46.72% to 76.49%,
Z = 16.998, P < 0.0001), LCC (from 1.05% to 2.83%, Z =
3.079, P = 0.0021), and decreases in SCC (from 15.69% to
5.97%, Z = −8.750, P < 0.0001), and ASC (4.45% to 0.96%, Z =
−6.918, P < 0.0001) were observed.When examined by year of
birth (born before 1941, 1941–1950, 1951–1960, or 1961 or
later), RFs were found to increase for ADC (from 43.91% to
67.82%, Z = 7.558, P < 0.0001) and LCC (from 0.87% to
3.31%, Z = 2.735, P = 0.0062), and decreased in SCC (from
18.26% to 5.05%, Z = −9.537, P < 0.0001), as shown in
Figure 2.

Table 2 shows the RFs of the major histological sub-types
of female lung cancer cases in six study areas, after adjusting
the year identified and the year of birth. The RFs were 7.05%
(Beijing) to 13.48% (Liaoning) in SCC, 57.33% (Neimenggu)
to 70.91% (Beijing) in ADC, 6.88% (Beijing) to 17.44%
(Hebei) in SCLC, 1.10% (Liaoning) to 3.58% (Neimenggu) in
LCC, and from 1.31% (Shadong) to 2.61% (Hebei) in ASC,
respectively. The distributions of the major sub-types of lung
cancer were significantly different in the six study areas in
SCC (X2 = 21.916, P = 0.0050),ADC (X2 = 34.475, P < 0.0001),
and SCLC (X2 = 106.485, P < 0.0001).

When stratified, analysis conducted by time of diagnosis
into 2000–2006 and 2007–2012, less frequent SCC (−3.49 to
−14.22), and more frequent ADC cases (+15.04% to
+24.20%) were found consistently in each study area in recent
years, as shown in Table 3.

Discussion

In the present study, the number of female lung cancer cases
diagnosed at CHCAMS-PUMC increased dramatically from
2000 to 2012, and the increase was predominantly in ADC
(Fig 1). Cases identified as ADC in 2011–2012 accounted for
76.49% of female lung cancer cases, an increase of 30% from
46.72% in 2000–2002. While the RFs of SCC cases declined
gradually (15.69% SCC in 2000–2002), RFs of ADC consis-
tently increased among the cases born before 1941, in 1941–
1950, 1951–1960, and after 1961. Even though the overall RFs
of ADC varied by geographic region, such as 57.33% from
Neimenggu and 70.91% from Beijing, consistent increases in
age-adjusted RFs of ADC, from 15.04% to 20.39%, were
observed among cases in all geographic areas, including
Beijing, Hebei, Neimenggu, Liaoning, Heilongjiang, and
Shandong in 2007–2012 compared to 2000–2006.

Our studies of lung cancer among men and women show
that the proportion of ADC lung cancer cases increased
among both men and women, but the proportion of ADC
among women was consistently more than twice that among
men.25 While the proportion of SCC cases among men
decreased from 39.11% in 2000–2002 to 32.23% in 2011–
2012, among women the decrease was from 15.69% in 2000–
2002 to 5.97% in 2011–2012.

Table 1 General characteristics of the study subjects (N = 7070)

Class N (%)

Year of diagnosis
2000–2002 854 (12.08)
2003–2004 578 (8.18)
2005–2006 986 (13.95)
2007–2008 1168 (16.52)
2009–2010 1608 (22.74)
2011–2012 1876 (26.53)

Age (year)
<35 174 (2.46)
35–44 739 (10.45)
45–54 1801 (25.47)
55–64 2396 (33.89)
65–74 1710 (24.18)
75+ 250 (3.54)

Residential area
Beijing 2597 (36.73)
Hebei 990 (14.00)
Neimenggu 576 (8.15)
Heilongjiang 516 (7.30)
Liaoning 487 (6.89)
Shandong 425 (6.01)
Shanxi 298 (4.21)
Henan 265 (3.75)
Jilin 226 (3.20)
Other 690 (9.76)
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The evidence is sufficient to conclude that the risk of devel-
oping ADC of the lung from cigarette smoking has increased
since the 1960s6–12 and tobacco control strategies and policies
must be implemented against the tobacco epidemic.26–28 The
ADC epidemic is also, in part, a result of cigarette design
changes, including increases in tobacco specific nitrosamines,
manipulation of droplet size, and ventilated filters in western
countries since the 1990s. Filter ventilation provides low
machine measured yields of tar and nicotine and facilitates
increased depth of inhalation, which together increase puff
frequency. Deep inhalation is also assisted by production of
optimal droplet size particles, thus, exposing the periphery of
the lung to great volumes of smoke and delivering nicotine
and the carcinogenic mix with maximum efficiency.9–12,26 As
there is convincing evidence to confirm that despite changes
in the cigarette’s design, no reduction in the health risk has
been made, health advocates in Canada convinced the gov-

ernment that current standards on tobacco, such as low tar
yield, are deceptive.28 In the US, an increasing number of
states and localities have implemented comprehensive poli-
cies prohibiting tobacco smoking in all indoor areas in public
places and worksites, and most adults report having volun-
tary smoke-free homes (81.1%) and vehicles (73.6%) to avoid
SHS exposure.29

In mainland China, the average tar delivery per cigarette in
the market was about 27 mg in 1983, when no restrictions on
tar delivery were applied.30 Since the regulation to restrict tar
delivery per cigarette, the rates in China were 17 mg in 2000,
15 mg in 2005, 13 mg in 2008, and 12 mg in 2010.31 The total
amount of cigarettes consumed in China have continued to
increase since 2000, and the smoking rates in men have not
substantially reduced from 2002 (57.4%) to 2010 (54.0%),
therefore, exposure to SHS remains a serious problem in
China.32–38 Large numbers of people smoke inside workplaces

2000-2002 2003-2004 2005-2006 2007-2008 2009-2010 2011-2012

Other 21.67 19.55 15.62 8.30 8.02 4.95 

ASC 4.45 5.71 1.42 1.97 1.80 0.96 

LCC 1.05 1.90 2.74 3.17 3.73 2.83 

SCLC 10.42 9.69 9.84 12.16 10.76 8.80 

ADC 46.72 53.46 62.27 65.24 70.40 76.49 

SCC 15.69 9.69 8.11 9.16 5.29 5.97 
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Figure 1 Relative frequency (RF) of major subtypes of female lung cancer cases by year of diagnosis. Trend tests were analyzed for squamous cell carci-
noma, SCC (Z = −8.750, P < 0.0001); adenocarcinoma, ADC (Z = 16.998, P < 0.0001); small cell carcinoma, SCLC (Z = −0.933, P = 0.3508); large cell
carcinoma, LCC (Z = 3.079, P = 0.0021); and adeno-squamous carcinoma ASC (Z = −6.918, P < 0.0001).
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and public places, and many continue to smoke in areas
where smoking is banned. More than 90% of families accept
smoking in part or in all indoor areas in their households;
72% of non-smokers reported being exposed to SHS, and

38% were exposed on daily basis. While age-adjusted RFs of
ADC have increased and surpassed SCC in Chinese male lung
cancer cases in 2000–2012,25 a dramatic increase of ADC in
female lung cancer cases was found in our study, parallel with

Born before 1941 Born 1941-1950 Born 1951-1960 Born 1961 or later

2000-2004 46.1 53.98 52.4 44.22

2005-2008 58.2 67.08 63.18 66.93

2009-2012 67.05 74.88 75.92 72.53

0
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60
70
80
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)
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)

Year of Birth
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2000-2004 2005-2008 2009-2012Year of Diagnosis in

Born before 1941 Born 1941-1950 Born 1951-1960 Born 1961 or later

2000-2004 17.68 12.05 9.25 7.48

2005-2008 12.3 9.25 7.8 4.65

2009-2012 9.38 5.99 4.78 4.52
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Figure 2 Relative frequency (RF) of female lung cancer cases by histological sub-type, stratified by year of diagnosis within categories of year of birth,
Cancer Hospital of the Chinese Academy of Medical Sciences – Peking Union Medical College, 2000–2012.
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histological changes in men. These findings suggest that there
could be strong exposure causing both the development of
lung cancer and the changes in histology of the disease in
Chinese men and women. Individual data on exposure and
the disease should be collected and further investigated to
confirm the association of active smoking and SHS with the
development of lung cancer in the Chinese population. Spe-
cific and realistic tobacco control strategies and preventive
measures are needed.

This study was based on hospital in-patient records, and
was not population based, which is a limitation of the study.
We also did not have individual level information on smoking
history or history of second-hand smoke exposure. While the
increase in RF of ADC was accompanied by a decrease in the
proportion of cases classified as “other” histologic subtype,
the increase in the proportion of ADC could not be
accounted for by the decrease in lung cancers classified as
“other” histology.

Conclusions

The increase in the rate of adenocarcinoma of the lung
in Chinese women in this study suggests that changes to

environmental risk factors should be further investigated for
specific and effective preventive measures.
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