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Abstract
BACKGROUND 
Clinical reports of multiple primary malignant tumors (MPMTs) in the digestive 
system are increasing. In China, although the survival rate of patients with 
MPMTs is increasing, the quality of life is very low. Many patients have reached 
the advanced stage when the second primary tumor is found, resulting in no early 
intervention and treatment. This is due to the misunderstanding of MPMTs by 
clinicians, who treat such tumors as metastases. Therefore, before a patient has a 
second primary tumor, doctors should understand some common combinations 
of digestive system MPMTs to provide clinical guidance to the patient.

AIM 
To explore the high incidence combination of digestive system MPMTs under 
heterochronism and synchronization.

METHODS 
A total of 1902 patients with MPMTs at Peking Union Medical College Hospital 
were analyzed retrospectively. They were divided into metachronous MPMT and 
synchronous MPMT groups, and then the high incidence combinations of the first 
primary cancer and the second primary cancer in metachronous cancer and 
synchronous cancer were sorted. Sex and age differences between metachronous 
and synchronous tumors were tested by the chi square test and t test, respectively. 
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A P value < 0.05 was considered as statistically significant, and SPSS version 26.0 (SPSS Inc., 
Chicago, Illinois, United States) was used for statistical analysis.

RESULTS 
Among the 1902 patients with MPMTs confirmed by pathology, 1811 (95.2%) cases were secondary 
primary cancers, 89 (4.7%) cases were tertiary primary cancers, and 2 (0.1%) cases were quaternary 
primary cancers. Most (88.2%) of the secondary primary cancers were identified as metachronous 
multiple primary cancers six months after diagnosis of the first primary cancer. The top ten most 
common MPMTs in the first primary cancer group ranged from high to low as follows: Breast 
cancer, thyroid cancer, nonuterine cancer, lung cancer, colon cancer, kidney cancer, uterine cancer, 
bladder cancer, rectal cancer, and gastric cancer. The highest incidence rate of the first primary 
cancer in male metachronous cancer was lung cancer (11.6%), the highest incidence rate of the 
second primary cancer was still lung cancer (24.9%), the highest incidence rate of the first primary 
cancer in female metachronous cancer was breast cancer (32.7%), and the highest incidence rate of 
the second primary cancer was lung cancer (20.8%). Among them, breast cancer, nonuterine cancer 
and uterine cancer were female-specific malignant tumor types, and thyroid cancer also accounted 
for 79.6% of female patients. The top five metachronous cancer combinations, independent of 
female-specific malignant tumor types and thyroid cancer, were colon cancer and lung cancer (26 
cases), kidney cancer and lung cancer (25 cases), rectal cancer and lung cancer (20 cases), gastric 
cancer and lung cancer (17 cases), and bladder cancer and lung cancer (17 cases). The most 
common synchronous cancer combination was colon cancer and rectal cancer (15 cases).

CONCLUSION 
Screening for lung cancer should be performed six months after the detection of colon cancer while 
rectal cancer screening should be performed within six months.

Key Words: Multiple primary malignant tumors; Colon cancer; Rectal cancer; Metachronous carcinoma; 
High incidence combinations; First primary carcinoma
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Core Tip: This is a retrospective study to explore the high incidence combination of multiple primary 
malignant tumors (MPMTs). Among the 1902 patients with MPMTs confirmed by pathology, after 
excluding the effect of male-female specific malignancies, it was found that digestive system malignancies 
were very common as the first primary cancer. Therefore, the common combination of second primary 
cancers should be followed up at the limit of 6 mo after the detection of digestive system malignancies. 
Without excluding the influence of male-female specific malignancies, it was found that the combination 
of breast cancer and nonuterine cancer was the most common in metachronous multiple primary 
malignancies, and the combination of colon cancer and rectal cancer was the most common in 
synchronous multiple primary malignancies.
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INTRODUCTION
Multiple primary malignant tumors (MPMTs) are defined as the simultaneous or successive occurrence 
of two or more primary malignant tumors in the same individual, which can be derived from the same 
organ, paired organs, different parts of the same system or different organs of different systems[1]. The 
diagnostic criteria were as follows: (1) Each tumor must have definite malignant histopathological 
changes; (2) Each tumor must have an independent pathological type; and (3) The possibility of invasion 
and metastasis of the second cancer as the first primary cancer must be excluded. MPMTs were divided 
into metachronous cancer and synchronous cancer. Synchronous MPMTs are defined as the second 
primary cancer that occurs within 6 mo of the first primary cancer, and metachronous MPMTs are the 
opposite of synchronous cancer.

https://www.wjgnet.com/1007-9327/full/v28/i41/5982.htm
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Table 1 Clinical characteristics of multiple primary cancers patients. Clinical characteristics of patients with metachronous and 
synchronous multiple primary cancers

Clinical 
variable

Metachronous multiple primary cancers (n = 
1687, 88.2%)

Synchronous multiple primary cancers (n = 
224, 11.8%)

Total (n = 
1902) P value

Sex < 0.0011

Male 562 (33.5%) 119 (53.1%) 681 (35.8%)

Female 1116 (66.5%) 105 (46.9%) 1221 (64.2%)

Age 0.3772

Mean (SD) 60.5 (11.7) 59.8 (11.8) 60.5 (11.7)

Rang 22.0-90.0 24.0-88.0 22.0-90.0

1chi-squared test.
2t-test.

In recent years, as many as two to five primary cancers have been reported in a single case[2-5]. 
However, double primary MPMTs are more common[6,7]. This study investigated the combined 
association between second primary cancer and first primary cancer. With the development of cancer 
nanotechnology[8], cancer patients can be clearly diagnosed and properly treated, and the survival rate 
of cancer patients has been greatly improved[9-11]. Due to the long-term side effects of chemotherapy 
and/or radiotherapy[12,13], the improvement of diagnostic sensitivity and the continuous influence of 
genetic and behavioral risk factors, cancer patients have an increased risk of developing a second cancer 
due to the improvement of survival rate[14], which can threaten their health. Due to the complex 
pathogenesis of cancer and the influence of the tumor microenvironment[15], it is difficult to find a 
perfect anticancer therapy that can resist the growth of malignant tumors without increasing toxicity 
and causing adverse pharmacological interactions. Predicting the occurrence of the second cancer 
among cancer survivors is conducive to the diagnosis and treatment of cancer patients, and some 
MPMTs seem to have a correlation with one another, as they appear in specific combinations. 
Understanding common cancer combinations is of significance for the clinical diagnosis and treatment 
of cancer patients.

MATERIALS AND METHODS
A total of 1902 patients were diagnosed with MPMTs at Peking Union Medical College Hospital from 
January 1, 2000, to June 1, 2021. According to the 3rd Edition description and definition[16], the primary 
cancer site is divided into 23 main types of solid cancer. The types are breast cancer; thyroid cancer; 
nonuterine cancer; lung cancer; colon cancer; rectal cancer; renal cancer; uterine cancer; bladder cancer; 
gastric cancer; head and neck cancer; prostate cancer; renal pelvis and ureter; oesophageal cancer; liver 
cancer; skin cancer; pancreatic cancer; thymus cancer; non-prostate cancer; small intestine cancer; 
adrenal cortex; sarcoma; bone and chondroma. Male genital cancer is divided into prostate cancer and 
non-prostate cancer. Nonuterine cancer includes cervical, vaginal, ovarian and fallopian tube cancers. 
Sex and age differences between metachronous and synchronous tumors were tested by the chi square 
test and t test, respectively. A P value < 0.05 was considered as statistically significant, and SPSS version 
26.0 (SPSS Inc., Chicago, Illinois, United States) was used for statistical analysis.

RESULTS
The top ten, first-diagnosed cancers of metachronous and synchronous multiple primary cancers. 
Among 1902 patients with multiple primary cancers, including 681 males and 1221 females (1:1.79), 1678 
cases (88.2%) were metachronous multiple primary cancers, and 224 cases (11.8%) were simultaneous 
multiple primary cancers. The majority of patients with multiple primary cancers were women (64.2%). 
There was a significant difference in the distribution of metachronous and simultaneous cancers 
between gender groups (tP < 0.001). The average age at diagnosis of the first metachronous and 
simultaneous cancers was 61 and 60 years, respectively (Table 1).

The first and second primary cancers in the top ten MPMTs
We found that the first primary cancer types of the top ten MPMTs were as follows (Figure 1A): Breast 
cancer (19.5%); thyroid cancer (15.7%); nonuterine cancer (8.9%); lung cancer (8.1%); colon cancer (6.7%); 
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Figure 1 Distribution of first and second primary cancers of multiple primary cancers. A: The first primary cancer; B: The second primary cancer.

renal cell carcinoma (5.3%); uterine cancer (4.9%); bladder cancer (4.6%); rectal cancer (4.5%); gastric 
cancer (4.3%). The second primary cancer types of the top ten MPMTs were as follows (Figure 1B): Lung 
cancer (21.0%); nonuterine cancer (12.7%); breast cancer (10.1%); thyroid cancer (7.1%); uterine cancer 
(5.6%); rectal cancer (5.4%); bladder cancer (5.2%); colon cancer (4.7%); liver cancer (4.4%); and renal cell 
carcinoma (4.3%).

The proportion of male to female first primary cancer and second primary cancer metachronous 
cases
The incidence rate of lung cancer in metachronous MPMTs as the first primary cancer (Figure 2A) was 
the highest in men (11.6%), and the second primary cancer in male metachronous MPMTs was still the 
highest in lung cancer incidence rate (Figure 2B) (24.9%). The incidence rate of breast cancer as the first 
primary cancer in metachronous MPMTs (Figure 2C) was the highest in women (32.7%), and the 
incidence rate of lung cancer (Figure 2D) was the highest (20.8%) in female metachronous MPMTs. It 
should also be noted that most second primary cancers occur more than 6 mo after the diagnosis of the 
first primary cancer.

The proportion of male and female cancers of the first primary cancer and the second primary cancer 
in synchronous cancer
Among synchronous cancers, the incidence rate of colon cancer (Figure 3A) was the highest among the 
first primary cancers in men (15.1%), the incidence rate of rectal cancer (Figure 3B) was the highest 
among the second primary cancers (21.0%), the incidence rate of nonuterine cancer (Figure 3C) was the 
highest among the first primary cancers in women (26.7%), and the incidence rate of nonuterine cancer 
(Figure 3D) was the highest among the second primary cancers (30.5%).

After excluding the influence of male-female specific malignant tumors, the proportion of male and 
female digestive system malignant tumors
After excluding male-female specific cancers, 749 patients (440 males and 309 females) were found to 
have metachronous cancers, of which 43.2% were digestive system malignancies in males and 44.7% 
were digestive system malignancies in females (Figure 4A). There were 143 patients (102 males and 41 
females) with synchronous cancer. Among them, 49.9% of male and 34.0% of female digestive system 
malignancies were digestive system malignancies (Figure 4B).

The combination of the first primary cancer and the metachronous and synchronous second primary 
cancer in multiple primary cancers
The combination of the first primary cancer and the second primary cancer in the top ten metachronous 
multiple primary cancers was as follows (Figure 5A): Breast cancer and nonuterine cancer (105 cases); 
thyroid cancer and lung cancer (85 cases); breast cancer and lung cancer (79 cases); thyroid cancer and 
breast cancer (63 cases); breast cancer and thyroid cancer (52 cases); thyroid cancer and nonuterine 
cancer (41 cases); nonuterine cancer and breast cancer (34 cases); breast cancer and uterine cancer (34 
cases); colon cancer and lung cancer (26 cases); and renal cancer and lung cancer (25 cases). Breast or 
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Figure 2 The proportion of male to female first primary cancer and second primary cancer metachronous cases. A: The first primary cancer is 
distributed in men with metachronous cancer; B: The second primary cancer is distributed in men with metachronous cancer; C: The first primary cancer is distributed 
in women with metachronous cancer; D: The second primary cancer is distributed in women with metachronous cancer.

thyroid cancer may become the most prevalent second primary cancer among multiple primary cancers. 
The top five synchronous multiple primary cancers, the combination of the first primary cancer and the 
second primary cancer, were as follows (Figure 5B): Colon cancer and rectal cancer (15 cases); uterine 
cancer and nonuterine cancer (14 cases); nonuterine cancer and nonuterine cancer (13 cases); nonuterine 
cancer and uterine cancer (9 cases); and there were 8 cases of thyroid carcinoma.

Relationship between nonuterine cancer and nonuterine cancer in synchronous cancer
In the combination of nonuterine cancer and nonuterine cancer (Table 2), the results were as follows: 
Cervical cancer and ovarian cancer (5 cases); vaginal carcinoma and cervical carcinoma (3 cases); 
cervical vaginal cancer (2); fallopian tube carcinoma and cervical carcinoma (1 case); and ovarian cancer 
and cervical cancer (column 1). Nonuterine cancer and nonuterine cancer are not duplicates, as the term 
refers to any cancer occurring in the female reproductive system. Therefore, when a patient has one of 
the nonuterine cancers, doctors should check whether the other nonuterine organs have lesions at the 
time of diagnosis to avoid a missed diagnosis.

DISCUSSION
In our study, female-specific malignant tumors accounted for the vast majority. Therefore, to balance the 
influence caused by the excess of certain malignant tumors between male and female malignant tumors, 
we tried to distinguish the malignant tumors specific to male and female patients from the malignant 
tumors likely to affect both sexes for discussion and found that the combination of colon cancer and 
lung cancer (26 cases) was the most common in metachronous cancer, followed by renal and lung cancer 
(25 cases), rectal and lung cancer (20 cases), gastric and lung cancer (17 cases), and bladder and lung 
cancer (17 cases). The combination of colon cancer and rectal cancer (15 cases) was the most common in 
synchronous cancer. There is evidence that breast-cancer susceptibility gene 1 (BRCA1)/BRCA2 and 
MMR genes are indeed closely related to the occurrence of first and second colon cancer[17]. For the 
combination of colon cancer and rectal cancer, it is hoped that future genetic testing will be performed. 
Colon cancer is more likely to appear as the first primary cancer in the combination of synchronous 
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Table 2 Combination of non-uterine cancer and non-uterine cancer

Cervix Vagina Ovary

Cervix 0 2 5

Vagina 3 0 0

Fallopian tube 1 0 1

Ovary 1 0 0

The row represents the first primary cancer and the column represents the second primary cancer.

Figure 3 The proportion of male and female cancers of the first primary cancer and the second primary cancer in synchronous cancer. A: 
The distribution of the first primary cancer in men with synchronous cancer; B: The second primary cancer in men with synchronous cancer; C: The distribution of the 
first primary cancer in women with metachronous cancer; D: The second primary cancer in women with metachronous cancer.

cancer and metachronous cancer. Since the majority of tumors occur in the digestive system, regular 
follow-up of the lungs should be performed 6 mo after the discovery of colon, rectal, or gastric cancer, 
and the rectum should be followed up and screened within 6 mo to prevent the occurrence of the 
second colorectal cancer[18-20].

We found that metachronous MPMTs are more common than synchronous MPMTs, which is 
consistent with a study conducted in Thailand last year[21]. However, Thailand has the highest 
incidence rate of liver cancer among metachronous cancer types, which is related to their eating habits. 
They like to eat sashimi, which leads to infection caused by parasitic liver flukes, resulting in a higher 
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Figure 4 After excluding the influence of male-female specific malignant tumors, the proportion of male and female digestive system 
malignant tumors. A: The proportion of male and female primary malignant tumors after excluding the influence of male-female specific cancers, the proportion of 
male and female primary tumors of metachronous cancer; B: The proportion of male and female primary malignant tumors of synchronous cancer. The red numbers 
represent the percentage of digestive tumors.

Figure 5 The top ten combined cases of first primary cancer and subsequent second primary cancer of metachronous and simultaneous 
multiple primary cancer. A: The combination of first primary cancer and second primary cancer of metachronous cancer; B: The combination of first primary 
cancer and second primary cancer of synchronous cancer.

incidence of liver cancer than other cancer types[22]. On the other hand, we have less data on liver 
cancer because there are more cases of metastasis of other cancer species in the liver, so it was not 
included in the study. It is noteworthy that China has carried out systematic management of patients 
with hepatobiliary tumors in recent years, including clinical treatment and exploration methods 
(extended period), and proposed an ideal model (three-dimensional period) for future use[23]. 
Moreover, in recent years, China has made some progress in the treatment of hepatobiliary tumors, 
including the objective remission rate of lenvatinib and pembrolizumab in refractory biliary tract cancer 
reaching 25% and the disease control rate reaching 78.1%[24]. Stereotactic therapy is a feasible 
transformation therapy that can make patients with hepatocellular carcinoma with extrahepatic 
metastasis resectable[25]. In this new era for cancer treatment, targeted drugs, targeted immune 
checkpoint inhibitors or their combination bring new hope for the conversion of hepatocellular 
carcinoma to surgery and adjuvant therapy[26].
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In this study, the number of single primary malignant tumors was not counted, so the incidence rate 
of MPMTs was not calculated, but this did not affect our study on the combination of the first primary 
cancer and the second primary cancer in MPMTs. Of all the statistics, we found that breast cancer is the 
most common primary cancer, which is also related to the high incidence of breast cancer in China[27]. 
The second most common primary malignant tumor is lung cancer, which has a high incidence in China
[28]. Recent studies in the United States have shown that bladder cancer is the most common primary 
cancer, and lung cancer is the second most common primary cancer[29]. Compared with the first 
primary cancer, the cancer types in China and the United States are different. The reasons for this 
difference are as follows: (1) In China, there are more women than men with MPMTs, and the most 
common cancer among females is breast cancer. In contrast, in the United States, the incidence rate of 
bladder cancer is highest; (2) This difference is because the research subjects are different: We study 
Chinese people, mainly from some cities in northern China, while the main research subjects in Europe 
and America are Caucasian and Black people[29]; and (3) Different levels of development lead to 
different exposure factors, such as living habits, air pollution, occupational exposure, viruses, bacterial 
infection and other carcinogenic factors.

The incidence rate of breast cancer is the highest among the metachronous cancer types in China. 
Moreover, the male to female incidence rate of MPMTs is 1:1.79, which is different from the previously 
reported male to female incidence rate of cancer in China. The reason for this difference is that there are 
great differences in the natural ecological environment, lifestyle, and disease risk factors in the eastern, 
central and western regions of China, and there are regional differences in the incidence rate of 
malignant tumors between men and women[30]. This study is limited by the sample size, so it will have 
some impact on the study. It is worth noting that to facilitate the study, we regard each segment of the 
colon as a primary cancer because colon cancer seems to be segmented, but their pathogenesis is similar. 
Studies have shown that noncoding RNAs play a key role in the carcinogenesis and progression of the 
colon cancer[31].

In this study, for female patients, breast cancer and the second primary cancer nonuterine cancer had 
the most heterochronous combinations (105 cases). Gene analysis showed that the occurrence of breast 
cancer and ovarian cancer was related to the loss of BRCA1 or BRCA2 gene function leading to 
homologous recombination defects[32]. The common combinations of primary breast cancer and 
secondary breast cancer may be caused by chemotherapy and radiotherapy of primary tumors, genetic 
variation linking the two diseases, hormone signals from oestrogen, lifestyle and environmental factors
[33], and the thyroid gland, whose cancer has a similar incidence pattern to breast cancer. The 
combination of the first or second primary cancer and thyroid cancer may be caused by thyroid 
hormone signals[33]. Therefore, when it is first discovered that a female patient has breast cancer, their 
vagina, cervix, fallopian tubes, ovaries and thyroid gland should be checked for lesions after 6 mo to 
achieve early detection and treatment[34-36]. Thyroid cancer was the second most common type of 
cancer in this study, and there were many combinations where the second primary cancer was lung 
cancer in metachronous MPMTs (85 cases). There is evidence that abnormalities in the oncogene 
rearrangement during transfection are the cause of lung cancer[37].

The metachronous combination of breast cancer and lung cancer (79 cases) should not be ignored. 
Lung cancer often appears in metachronous cancer in the form of a second primary cancer. There is 
evidence that the risk of primary lung cancer after treatment of breast cancer increases because smoking 
habits, age and the disease stage of breast cancer may affect the risk of secondary primary lung cancer in 
breast cancer patients[38]. Therefore, the regular follow-up of patients, including monitoring the lungs 
after 6 mo, should be carried out while breast cancer is treated. If lung cancer is found, it should be 
treated quickly, with both surgical treatment and adjuvant treatment[39,40].

We studied the high incidence combination of MPMTs, but there were some limitations. First, the 
population of this study is very limited. Most patients came from northern China, not all of China, and 
the basic data of the above foreign studies are from the Surveillance, Epidemiology and End Results 
program of the domestic population-based cancer registry or the data of many long-standing and highly 
reliable cancer centres on cancer diagnosis[41-42]. We recognize that this difference may also introduce 
bias to this study. Second, we have less synchronous cancer data, which is not enough to explain the 
strong association between synchronous cancer combinations. Third, we did not carry out genetic 
examination on patients, so the pathogenesis and aetiology of MPMTs were not discussed. Fourth, this 
study is a cross-sectional study involving 23 types of malignant tumors and describes the incidence of 
malignant tumors between men and women. It does not involve therapy, immune chemistry, next-
generation sequencing, etc. Despite the limitations mentioned above, our results are informative. For 
patients treated with primary malignant tumors, attention should be given to the high incidence 
combination of the first and second primary cancers. In the absence of male-female specific cancer 
effects, attention should be given to the digestive system as a combination of primary malignancy and 
lung cancer. Without distinguishing between male-female specific malignancies, the possible 
metachronous cancer combination of breast cancer and nonuterine cancer and the synchronous cancer 
combination of colon cancer and rectal cancer should be given. After distinguishing synchronous cancer 
from metachronous cancer, the high incidence cancer combination should be followed up regularly for 6 
mo. Through clinical experience and examination, some common cancers can be detected. If they can be 
removed surgically, they should be removed at the earliest stage possible. If the tumors cannot be 



Yang XB et al. Combination of digestive system in MPMTs

WJG https://www.wjgnet.com 5990 November 7, 2022 Volume 28 Issue 41

removed, they should also be treated with the best adjuvant treatment, such as radiotherapy and 
chemotherapy, targeted therapy, and endocrine therapy, among others, to achieve the maximum 
therapeutic benefits[43,44].

CONCLUSION
In conclusion, after excluding the effect of cancers specific to men and women, screening for lung cancer 
should be performed 6 mo after detection of colon cancer and for rectal cancer within 6 mo.

ARTICLE HIGHLIGHTS
Research background
Multiple primary malignant tumors (MPMTs) of the digestive system are common clinically, usually 
presenting as a metachronous combination of colon cancer and lung cancer and a synchronous 
combination of colon cancer and rectal cancer.

Research motivation
Understanding some common combinations of multiple primary malignancies can help in providing 
clinical guidance to patients.

Research objectives
This study aimed to classify MPMTs of the digestive system and explore the combination of high 
incidence with the second primary malignant tumors.

Research methods
This retrospective study analyzed patients diagnosed with multiple primary malignancies in our centre 
over a 20-year period, classified the tumors, and further explored the high incidence of digestive system 
malignancies in the combination of multiple primary malignancies.

Research results
The most common metachronous combination pairs of multiple primary malignancies of the digestive 
system were colon cancer and lung cancer (26 cases), and synchronous combination pairs were colon 
cancer and rectal cancer (15 cases).

Research conclusions
Through our retrospective study, we found that when patients were diagnosed with colon cancer, they 
should be screened separately for lung cancer and rectal cancer at the limit of 6 mo.

Research perspectives
To provide clinical guidance to patients based on the combination of common multiple primary 
malignancies.
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