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Introduction

 Multiple primary neoplasms (MPN) represent 
particular entities with an increasing incidence 
that nowadays affect a remarkable number of 
cancer survivors. Since the 1890, when they have 
been described for the first time, MPN have been 
a matter of controversy and there is a growing in-
terest in studying MPNs, the most frequent asso-
ciations, possible risk factors and implications of 
multiple cancers in the outcome of a patient.
 The incidence of MPN increased significantly 
from their first mentions in the literature when 
they were described as sporadic cases. Today their 
incidence ranges between 0.7% and 11.7% [1-3] 
with continuous increase. The increasing inci-
dence of MPN can be explained by the increase in 
cancer incidence and also by the increase in life 
expectancy and improved survival of cancer pa-

tients due to the breakthroughs in cancer patients 
treatment in the last few years [4-7]. The diagnosis 
in early cancer stages due to rigorous screening of 
cancer patients and the technological innovations 
in terms of diagnostic imaging also contributed to 
the increase in the incidence of MPNs [5,6].

Definition

 Multiple primary neoplasms (MPN) are de-
fined as two or more primary neoplasms diagnosed 
in the same patient simultaneously or at a certain 
time and that do not represent the progression, 
relapse or metastasis of the first neoplasm [8,9].
 The definition of MPN has evolved during the 
years. The most recent  definition isthe one elab-
orated by Warren and Gates in 1932 and refined 
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later by different authors. The criteria on which 
two or more neoplasms diagnosed in the same pa-
tient can be classified as MPN are the following: 
1. each cancer must be malignant according to the 
histopathology report; 2. the cancers must be geo-
graphically separate and histologically different; 
3. the possibility of metastases among the cancers 
must be excluded [10-13].

Classification

 MPN can be classified as synchronous or me-
tachronous depending on the time of diagnosis of 
the first and latter malignancies. Synchronous is 
the neoplasm diagnosed within 6 months from the 
diagnosis of the first neoplasm and metachronous 
is the neoplasm diagnosed in more than 6 months 
after the diagnosis of the first, respectively [14,15]. 
Metachronous neoplasms can be further classi-
fied in metachronous <5 years and metachronous 
>5 years. Furthermore multiple neoplasms diag-
nosed during the initial workup of one cancer can 
be classified as simultaneous [8]. 

Possible risk factors

 The causes implicated in the development of 
MPN include genetic, immunological, environ-
mental and iatrogenic (chemotherapy and ionizing 
radiation) factors, although, there are only a few 
studies that have addressed this issue [5,10,16].
 Genetic alterations can be implicated in the 
development of MPN either as genetic suscepti-
bility or as hereditary cancer syndromes. Patients 
that have positive family history of cancer, but 
with cancers that can not be classified as heredi-
tary cancer syndromes seem to be involved in 
only a small proportion of MPN. On the contrary 
MPN are described in many hereditary cancer 
syndromes, especially in the ones associated with 
DNA microsatellite instability such as hereditary 
nonpolyposis colorectal syndromes (Lynch I and 
II syndromes), Li Fraumeni syndrome, neurofi-
bromatosis, familial adenomatous polyposis, he-
reditary breast and ovarian cancer and multiple 
endocrine neoplasia syndromes [7,13,17]. 
 The most important environmental fac-
tors implicated in the development of MPN are 
smoking and alcohol consumption involved in 
the etiology of head and neck, lung, esophagus, 
pancreas, urinary system and cervical cancer. The 
occurrence of MPN in heavy smoker and alcohol 
consumption patients can be explained by the 
field cancerization theory [13,18]. Approximately 
35% of cancer survivals who continue to smoke 
will develop a second malignancy [19]. Other en-

vironmental factors that can be incriminated in 
the occurrence of MPN are hormonal factors (en-
dogenous and exogenous estrogen exposure) and 
dietary factors ( fat intake and low fiber intake) 
for breast, gynecological, prostate and colorectal 
cancer [7,8,13,20-22]. Obesity and physical inac-
tivity have been incriminated in the development 
of primary or second primary cancer of the breast, 
uterine body and colorectum [7,8,23-27].
 Chemotherapy and ionizing radiation can be 
involved in the development of MPN especially 
after 5-15 years from the treatment of the pri-
mary neoplasm. Chemotheraputic agents such 
as alkylating agents, topoisomerase II inhibitors 
and anthracyclines can cause acute myeloid leu-
kemia, sarcomas, bladder cancer or lung cancer 
after few months up to 9 years from their admin-
istration [18,19,28-33]. In a study on 377 patients 
with MPN, Babacan et al. showed that 66.7% of the 
138 patients who received chemotherapy received 
topoisomerase II inhibitors and anthracyclines. 
Curtis et al. found a higher risk of developing leu-
kemia in women with breast cancer treated with 
alkylating agents (relative risk 10.0), especially 
in patients treated with melphalan alone (relative 
risk 31.4), but also with cyclophosphamide (rela-
tive risk 3.1) [33]. Radiation therapy can induce 
second malignancies after 5-10 years in the radia-
tion fields. The risk of rectal and urinary bladder 
cancer, bone and soft tissue sarcomas was found to 
be increased in patients receiving radiation ther-
apy in the pelvis [19,34]. Babacan et al. reported 
that 4.6% of the patients who received radiation 
therapy for their primary tumor developed sec-
ond malignancies in the radiotherapy field [18]. 
On a series of 38 patients with MPN Hulikal et al. 
showed that 12 out of 38 patients included in the 
study had second tumors in the radiation field [13].

Frequent cancer associations

 Several studies published in the literature re-
ported head and neck, breast, prostate, colorectal 
and gynecological cancers as the most common 
initial primary neoplasms and head and neck 
,breast, lung, colorectal and gynecological can-
cers as the most common subsequent neoplasms 
[8,13,18,35-37].
 Babacan et al. reported on a series of 377 
patients with MPN that in women breast, gy-
necological and colorectal tumors were the most 
frequent primary tumor types and breast, gyneco-
logical and colorectal tumors were the most fre-
quent second primary tumor types. In men head 
and neck tumors, bladder cancer and prostate can-
cer were the most frequent primary tumor types 
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and lung cancer, colorectal tumors and renal cell 
carcinoma were the most frequent second primary 
tumor types [18]. 
 Only few published studies analyzed the 
most frequent associations between the first and 
the second malignancy. One of them reported in 
women the following associations: breast-gy-
necological tumors, colorectal tumors-breast can-
cer, breast cancer-colorectal tumors. In men the 
most frequent associations reported were head 
and neck tumors-lung cancer, bladder cancer-lung 
cancer and bladder cancer-prostate cancer. Sixty-
three percent of the patients included in this study 
were smokers, with a median body mass index of 
25. Chemotherapy (including topoisomerase II in-
hibitors and/or anthracyclines) was administered 
to 36.6% of the patients, while 15.1% of the pa-
tients received radiotherapy for their primary tu-
mor, out of which 4.6% developed second tumors 
in the previous radiotherapy field [18]. Powell et 
al. showed that the most frequent pairing was 
prostate cancer-bladder/ureter cancer in a study 
on 506 patients with MPN [36].

Synchronous vs. metachronous tumors

 Data published in the literature show that ap-
proximately 60% of patients with MPN present 
with metachronous tumors, with respect to the 
different number of patients included in studies 
on MPN, with a median time between the diag-
nosis of the two tumors ranging from 15  to 76.5 
months. Most tumors are diagnosed within the 
first 5 years from the initial primary, with fewer 
tumors being diagnosed after 5 years [8,13,18,35-
38]. In a retrospective study on 322 patients with 
MPN 7.1% of patients were identified with syn-
chronous tumors, 27.3% with metachronous tu-
mors <5 years and 24.2% with metachronous 
tumors > 5 years. Among the patients with syn-
chronous tumors 7.5% of patients present with si-
multaneous tumors as reported by Amer [8].

Stage of primary/subsequent tumors

 Studies that have analyzed the stage of the tu-
mors in patients with MPN reported conflicting 
data, the majority though report that patients with 
MPN present in early stage regarding the primary 
tumor (stage 0-II) and inadvanced stage regarding 
subsequent tumor (stage III-IV) [8, 19,39-41].
 Amer showed on a series of 322 patients with 
MPN that 3.7% of patients present with an initial 
stage 0 tumor, 43.5% with an initial stage I tumor, 
31.7% with an initial stage II tumor, 11.2% with a 
stage III tumor and 9.9% with an initial stage IV 

tumor. The authors showed that patients present 
with more advanced second primary tumor. 5.9% 
of patients present with a stage 0 tumor, 30.4% 
with a stage I tumor, 22.4% with a stage II tumor, 
14.9% with a stage III tumor and 36.4% with a 
stage IV, respectively [8]. When compared to pa-
tients with single primary tumors, these data re-
vealed that patients with single primary tumors 
present more often with advanced stage disease 
(2.6% stage 0, 21.7% stage I, 26.6% stage II, 21.5% 
stage III and 27.6% stage IV). This study also re-
vealed that patients with synchronous tumors 
present with advanced stage tumors compared to 
patients with metachronous tumors (2.1% vs. 4.0% 
stage 0, 23.4% vs. 46.9% stage I, 17% vs. 34.2% 
stage II, 23.4% vs. 9.1% stage III and 34% vs. 5.8% 
stage IV) [8]. 
 In contrast with Amer’s study, Irimie et al. re-
ported on a series of 63 patients with MPN that 
66.5% of patients presented with stage III and IV 
primary tumors. Regarding the stage of the sec-
ond tumor the authors showed that 52.3% of the 
patients also presented with stage III and IV tu-
mors, concluding that this might be due to either 
a low compliance to follow-up or to neglecting the 
initial symptoms [35]. 

Treatment

 Treatment of patients with MPN might be 
challenging, In terms of choosing the chemother-
apy regimen or the correct sequence of treatment 
for synchronous tumors, metachronous tumors’ 
therapeutic approach is also challenging because 
the treatment of the initial neoplasm might in-
fluence the treatment of subsequent neoplasms. 
Studies that have analyzed the treatment of pa-
tients with MPN reported that patients underwent 
surgery with or without adjuvant chemotherapy 
or radiation therapy, chemotherapy alone or ra-
diation therapy alone for their primary tumor and 
surgery with or without adjuvant chemotherapy 
or radiation therapy for their subsequent tumors 
[8,13,18,35]. Out of the 22 patients with synchro-
nous tumors included in a study on 63 patients 
with MPN, 40.9% of patients underwent surgery 
alone for their primary tumor and 59.1% under-
went surgery and adjuvant therapy for their pri-
mary tumor, while only 30% of those patients un-
derwent surgery alone for their second tumor and 
70% underwent surgery and adjuvant therapy for 
their second tumor. Most patients with metachro-
nous tumors underwent surgery and adjuvant 
therapy (55% of the 41 patients with metachro-
nous tumors), the remaining underwent surgery 
alone (10%) [35]. These studies also showed that 
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especially patients with metachronous tumors 
sometimes refuse treatment for the second tumor 
[8,13,18,35]. Hulikal et al. reported that 5 out of 25 
patients with metachronous tumors refused treat-
ment for their second tumor [13].

Survival

 The survival of patients with MPN was not 
uniformly analyzed by the studies published in 
the literature due to either the small number of 
patients included or to the immature data at the 
moment of the publication of the study. Amer con-
cluded that patients with MPN had better survival 
than patients with single primary. This difference 
was more obvious in patients with metachronous 
tumors (95% five years survival rate for patients 
with metachronous tumors vs. 59% for patients 
with single primary). Patients with synchronous 
tumors had similar survival with patients with 
single primary tumors [8]. In a study on 72 Chi-
nese patients with MPN, Jiao et al. reported a me-
dian survival of 3.8 years for patients with syn-
chronous tumors vs. 17.3 years for patients with 
metachronous tumors [38]. It should be noted that 
the survival of patients with MPN depends on the 
site of the primary and subsequent tumors.The 
best survival rate has been reported in patients 
with breast cancer that have been diagnosed with 

metachronous contralateral breast cancer (breast 
cancer was both the primary and the second pri-
mary tumor in this study) (5-year survival rate of 
100% and 10 years survival rate of 96%), in con-
trast with patients diagnosed with  hepatocellular 
carcinoma as primary or second primary tumor 
who had the worse survival (5-year survival rate 
of 51.8%) [42,43].

Conclusion

 Multiple primary neoplasms represent enti-
ties for which there is an increasing interest. The 
studies published in the literature are not only few 
but also not uniform in evaluating the different 
aspects that MPN involve. Also the number of pa-
tients included in studies with MPN varies from 
several tens to several hundreds, which might 
influence the statistical power of the results. All 
these make it difficult to draw clear conclusions 
on the possible risk factors involved in the occur-
rence of MPNs. The most frequent cancer asso-
ciations maybe can lead us on developing clear 
protocols for the follow-up of patients at risk for 
developing multiple neoplasms.
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