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Over the past 30 years, the incidence of cancer in Poland has more than doubled. Advances in technology, early diagnosis 
and improved treatment make more and more malignancies curable. An increase in the survival of cancer patients has also been ob-
served. An increased rate of survival leads to the development of subsequent malignancies. Their cause is yet unclear however, chemo-
therapy as well as genetic and environmental factors may be involved in the process. The key prognostic factors for patients who were 
once diagnosed with cancer are: type of cancer, its stage and available treatment options. The aim of this work is to introduce the issue 
of multiple primary malignancies, with particular emphasis on their epidemiology. From the perspective of the whole population, the 
occurrence of multiple malignancies is quite rare. Triple or quadruple malignancies are even less common. Multiple malignancies may 
develop at any age, although, as it is shown in this paper, the type of cancer, its stage and location vary depending on the age at which 
the first and later subsequent cancers have presented. The most frequently found subsequent cancers are: colon cancer, lung cancer, 
cancers of the genital system and breast cancer. Based on statistical analysis and current literature, we discuss the risk of developing 
a second malignancy depending on the type of cancer that was diagnosed first.
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Incidence

Data shows that 140,500 people in Poland, including ap-
proximately 70 thousand men and 70.5 thousand women are 
diagnosed with cancer each year. In 2014, the Government Pop-
ulation Council published a bulletin regarding cancer incidence 
and mortality in Poland. The most common locations of cancer 
in both men and women, according to the National Cancer Reg-
istry in 2014, are presented in Table 1. 

Table 1. Most common locations of cancer 

Location Percentage 
(%)

Location Percentage 
(%)

Men Women

Lungs 21 Breast 22

Prostate 13 Colon 10

Colon 12 Lungs 9

Urinary bladder 7 Corpus uteri 7

Stomach 5 Ovary 5

Kidney 4 Cervix uteri 4

Larynx 3 Kidney 3

Hematopoietic 
system

2 Stomach 3

Lymphatic system 2 Thyroid 3

Others 30 Others 34

Compared to other countries of the European Union, the 
incidence of malignant cancer is lower in Poland: approximately 
20% in men, and approximately 10% in women [1–3].

Mortality
Cancer is the second most common cause of death in Po-

land. Ninety-six thousand individuals die annually from cancer, 
which constitutes 25% of all cases of death. The mortality asso-
ciated with malignant cancers has increased by approximately 
2.4 times in the last 50 years. Lung cancer is the most common 
cause of death in men (1/3) and women (1/6). For males, that 
is followed by colorectal cancers  (12%), prostatic cancer  (8%), 
gastric cancer, bladder cancer, renal cancer, leukemia and brain 
cancer. In the case of females, these are: breast cancer (13%), 
colorectal cancer (12%), ovarian cancer, pancreatic cancer, gas-
tric cancer, cervical cancer, brain tumors and leukemia. It is be-
lieved that, considering various factors which include prolonged 
life expectancy and exposure to harmful agents (e.g. tobacco 
smoke), cancer morbidity and mortality will systematically rise 
until it becomes the principal cause of death before the age of 
65 [4, 5]. The epidemiological situation is to some extent similar 
to that observed at the beginning of the 19th century, when the 
increasing availability of antibiotics led to a shift where cardio-
vascular diseases became the primary cause of death instead 
of infectious diseases [6]. Progress, both in primary prevention 
and treatment of cardiovascular diseases in developed coun-
tries, is one of the causes of the observed situation. Average life 
expectancy has increased by approximately 6.2 years since 1990 
(from 65.3 years in 1990 to 71.5 years in 2013) and with it the 
leading cause of death has also changed [7].

Demographic prognoses developed by the Government 
Population Council in Poland suggest that by 2025, the morbid-
ity of malignant cancers of the colon, breast and prostate will 
increase and the mortality associated with cervical cancer will 
fall. The increasing morbidity of cancer, along with progress in 
the diagnostics and therapy of oncological diseases, will also 
contribute to an increased morbidity due to MPMNs (Multiple 
Primary Malignant Neoplasms) [8].
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Objectives

The aim of this work is to introduce the issue of multiple 
primary malignancies, with particular emphasis on their epide-
miology.

The definition of MPMNs

The term MPMNs (Multiple Primary Malignant Neoplasm) 
was first used by T. Billroth [9] in 1889 and was first reported 
by S. Warren and O. Gates in 1932 [10]. An official WHO defini-
tion was published in 1995. Cancer is defined as primary if it 
develops in situ, is not a part of an existing neoplastic process 
and there are no signs of its dissemination, metastasis or recur-
rence. A proliferative process which is diagnosed in one organ 
or in double organs, may be considered a single neoplasm if it 
possesses the same histological structure in all locations. Some-
times more precise tests, e.g. genetic analyses, allow to deter-
mine the differences between foci, thus allowing us to distin-
guish them. Systemic or multifocal cancers, such as lymphomas, 
leukemia, Kaposi sarcoma and mesothelioma, involving mul-
tiple organs, are diagnosed as a single neoplasm. Skin cancers 
pose a problem, but according to WHO guidelines, only the first 
tumor of a given histology type, located anywhere on the skin, is 
defined as an occurrence of a single neoplastic disease.

Multiple neoplasms are defined as histopathologically con-
firmed two or more different tumors that developed in distinct 
locations or within the same organ, as well as single neoplasms 
having numerous foci, but the precise origin of which could not 
be determined [3, 11, 12]. In the group of patients initially di-
agnosed with multiple neoplasms, the possibility that some of 
the tumors are metastatic needs to be excluded. Such patients, 
with metastatic lesions should not be classified as patients with 
multiple neoplasms. This may be particularly difficult when the 
result of the histopathological examination is inconclusive, a sit-
uation common when diagnosing head and neck cancers. 

The diagnosis of multiple primary neoplasms does not de-
pend on the time of their development. However, in respect to 
time, cancers may be classified as synchronous and metachro-
nous [13, 14]. A synchronous cancer is defined as an indepen-
dent tumor that follows the first one in sequence by 6 months. 
Metachronous cancers are defined as those that develop later 
than 6 months after the first neoplasm.

The issue of MPMNs has become more common in recent 
years. Both the rise of cancer incidence and a more favorable 
prognosis associated with oncological treatment contribute to 
its occurrence. It should be noted that treatment administered 
to oncological patients, such as chemotherapy or radiotherapy 
also has a prooncogenic effect [15, 16]. The presence of these 
factors increases the incidence of subsequent cancers which is 
significantly higher compared to the incidence of cancer in the 
general population [17, 18]. Curtis et al. demonstrated an 11.9-
-fold increased of risk of leukemia after breast cancer chemo-
therapy treatment with alkylating agents [19, 20]. Murakami et 
al. demonstrated an increased risk of subsequent breast cancer 
post-radiotherapy of the first tumor [21]. It has also been prov-
en that after radiotherapy of breast cancer, there is an increased 
incidence of lung cancer [22].

In multiple metachronous cancer, patients achieving com-
plete remission after chemotherapy frequently die from other 
aggressive supportive therapy. This is why it is particularly im-
portant to determine the least harmful treatment, so as to mini-
mize the risk of developing a subsequent cancer and to manage 
optimal diagnostic assessment after oncological treatment, in-
cluding early diagnosis and determining the nature of changes 
occurring during the observation period. Some of these changes 
may not be a manifestation of cancer recurrence, but could be 
a different, independent cancer [23]. In addition, the prognosis 
in patients with metachronous cancers is worse than in patients 
with synchronous cancers [24].

Both genetic factors and oncogenic viruses may lead to the 
development of new tumors.

Schildgen et al. [25] have detected the presence of Human 
Bocavirus genetic material in 11/60 (18.3%) archived samples 
of lung cancer and 9/44 (20.5%) samples of colorectal cancer.

Wang et al. [26] examined the genetic material of 70 lung 
tumors from 30 patients. In all 30 cases, loss of heterozygosity 
(LOH), in at least one in four of the six polymorphic microsatel-
lite markers was shown. Identical genetic changes were found 
in 23/30 cases (77%) which confirms the monoclonal origin of 
these changes.

From this perspective, a  past neoplastic disease may and 
should be treated as a risk factor for other types of cancer. 

Multiple neoplasms: prevalence and occurrence

The prevalence of MMPNs ranges between 0.73 and 11.7% 
[27]. Cases of double neoplasms are most common: 3–5%; fol-
lowed by triple neoplasms: 0.5%; and quadruple neoplasms: 
0.3% [28]. Interestingly, in contrast to the previously mentioned 
general incidences, multiple neoplasms occur more often in 
males. The incidence of male to female ratio is approximately 
2.5:1 [29]. The most common locations of primary multiple neo-
plasms are in the nasopharynx, lungs, colon and breast [30, 31]. 
Bittorf et al. [32] demonstrated that the mean time difference 
between the development of the first and the second cancer is 
4 years. Feyerabend et al. [33] reported a time of 5.7 years. Con-
sidering the time interval, extentson of diagnostic and control 
procedures over this period of time after treating the first tumor 
might be considered. 

The risk of developing a  subsequent neoplasm remains 
increased for as long as 20 years after the first diagnosis. An 
increased risk of development of another cancer after the first 
neoplasm of the respiratory system by as much as 49% was 
demonstrated in patients who survived 10 or more years [34]. 

The knowledge of incidence rates of subsequent neoplasms 
is important when considering secondary prophylaxis. This 
helps to direct diagnostic procedures towards the most prob-
able secondary cancer. 

Both the risk of developing a  subsequent neoplasm and 
its probable location changes in time since the first cancer is 
treated. The most common cancers in both men and women are 
lung and colorectal neoplasms. Additionally, in women, breast 
cancer is also among the first three as is prostate cancer in men. 
Patients treated for lung or bronchial cancer are at a greater risk 
of developing lung cancer or a colorectal carcinoma once again 
during the first year after treatment. Occurrence of neoplasms 
of the head and neck are often common during the period of 
1 to 4 years following the principal diagnosis. Radiotherapy 
for non-small cell lung carcinoma is associated with a  six-fold 
increase of the risk of esophageal cancer during the 5–9 year 
follow-up period, and with as high as an 11-fold increase after 
10 years of follow-up [34]. It was also demonstrated that both 
non-small cell and small cell lung cancer is associated with an 
increased risk of developing thyroid cancer during the first year 
after diagnosis [34]. The risk of developing other neoplasms af-
ter the treatment of colorectal cancer is 7%, with a higher index 
of development associated with subsequent colorectal cancer 
and prostate cancer. Treatment for breast cancer is usually as-
sociated with the development of digestive system neoplasms, 
among which colorectal carcinoma is most probable. The diag-
nosis and treatment of prostatic cancer is most often associated 
with the development of digestive cancer – most probably in 
the colon; and of respiratory cancer – in the lungs. 

The highest probabilities of subsequent cancers in women 
and men are presented in Figures 1 and 2. The Figures should be 
read in the following manner – among women who have a sub-
sequent malignant cancer after the treatment of breast cancer, 
as much as 41.45% will have subsequent breast cancer, 9.3% will 
have colorectal carcinoma, and so on. 
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Diagram 1. The probability of developing a specific subsequent malignancy among women who 

had been previously treated for cancer.  
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Diagram 2. The probability of developing a specific subsequent malignancy among men who 

had been previously treated for cancer. 
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Figure 1. The probability of developing a specific subsequent malignancy among women who had been previously treated for cancer 
Graphic design based on SEER Cancer Registries

Figure 2. The probability of developing a specific subsequent malignancy among men who had been previously treated for cancer
Graphic design based on SEER Cancer Registries
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neoplasms may facilitate early diagnostics and therefore lead to 
more efficient treatment. 

Conclusions
A history of neoplastic disease should be treated as a risk 

factor for cancer. Knowledge of the most common secondary 
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