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Abstract

Aim: This study was designed to evaluate the frequency of developing second and subsequent primary cancers
among cancer survivors,

Methods: We have retrospectively analyzed 121 multiple primary cancer patients treated at Bhagwan Mahavir Can-
cer Hospital and Research Centre, Jaipur, Rajasthan, India from the last 20years. The survival analysis was performed by
Kaplan-Meier methodology.

Results: The prevalence of multiple primary malignant tumors (MPMTs) was 1.51% (121/8000), with a male to female
ratio of 1:1.42. In males most of the reported MPMTs were synchronous and most common first primary cancer cases
were head & neck and lung whereas, in females most of the reported MPMTs were metachronous and most com-
mon first primary cancer cases were breast and gynaecological malignancies. Family history was reported in 15 cases.
Maximum 33.05% patients received combined treatment of chemotherapy, radiotherapy and 91.73% (111/121) of
patients with MPMTs were effectively followed up, 35 (28.92%) patients died and 5-year survival rate of the remaining
86 patients was 68.46%.

Conclusions: In the present observational study the most frequent sites of MPMTs in men were head & neck and
lung whereas, in women breast and gynaecological sites were common. Therefore, careful monitoring and follow up
are required for these patients.
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Introduction frequency of MPMTs in the same individual is high due
The presence of a single tumor does not make patient to exposure to various factors during the life span of can-
immune against the development of subsequent second,  cer survivors (Zhai et al. 2018). The risk of developing a
third or additional primary malignant cancers. In fact, second primary tumor is varying at different cancer sites
and is reported in the range from 0.7 to 11.7% (Demand-
ante et al. 2003). Due to extensive screening programs,
improved diagnostic procedures and significant treat-
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are increasing. At the same time expanded use of cancer
treatments, particularly combined modality of radiother-
apy and chemotherapy contribute to the increased inci-
dence of second malignancies among cancer survivors.
Various factors can influence the reported numbers of
MPMTs like the applied definition, follow-up time and
patient population types (Wood et al. 2012).

MPMTs are primary malignant tumors of different his-
tological origin in one person and often misdiagnosed
as recurrence or metastasis of the original malignancy.
Low incidence and variability in clinical characteristics
of MPMTs makes diagnosis and treatment difficult for
clinicians (Spratt and Hoag 1966; Lv et al. 2017). There
are several factors that may increase the likelihood of a
second primary cancer. These factors include intrinsic,
extrinsic, genetic and therapeutic factors. Intrinsic fac-
tors involve individual patients disease susceptibility,
immune status, endocrine and embryonic development.
Extrinsic factors include environmental factors and per-
sonal lifestyle, occupational diseases, long exposure to
ultraviolet rays, industrial pollution and treatment his-
tory whereas, genetic factors include mutations in vari-
ous genes (Spratt and Hoag 1966; Yamamoto et al. 2006).

In some patients vulnerable immune system leads to
the development of the first cancer, further it makes them
more susceptible for the development of second can-
cer (Zheng et al. 2020). The risk of developing a second
primary tumor varies at different cancer sites. Accord-
ing to few studies “field effect” is observed in some areas
of digestive tract, ovaries, breast and others, in which
changes were detected in uninvolved tissues. Cells of
certain organs are similar to one another therefore, the
same changes that made one organ susceptible to cancer
may occur in the similar cells of other organ also, causing
them at risk for the development of cancer as well (Chai
and Brown 2009). In India breast, cervical, ovarian and
uterine cancers account for more than 70% of the cancers
in females and advanced treatment strategies allowing
higher chances of survival on treatment (Mallath et al.
2014). Primary cancers of the breast account for nearly
40% of all cancers diagnosed among female breast can-
cer survivors with a 5-year relative survival rate of 89%.
In males head and neck cancer prevalence is high and 5
year survival among head and neck cancer patients range
between 25% for cancer tongue to 74% for lip (Pisani
et al. 2002; Wells and King 2017). During this survival
time, the patient is subjected to various mechanisms,
which act as a triggering agent in the development of sec-
ond primary cancer. In India, limited studies are available
regarding multiple primaries, most of them being case
reports (Mohanti et al. 1998; Reddy et al. 2009; Angurana
et al. 2010; Kumar et al. 2010; Bishen and Singh 2011;
Chowhan et al. 2011; Rajalingam et al. 2012; Bagri et al.
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2014). Present study is an attempt to analyse and review
121 patients presenting with multiple primary malignan-
cies to evaluate the frequency of developing second and
subsequent cancers at commonly occurring primary can-
cer sites.

Material and method

This was a retrospective study carried out at Depart-
ment of Pathology, Bhagwan Mahavir Cancer Hospital
and Research Centre, Jaipur, Rajasthan, India during the
period of 1999 to 2019. Ethical Committee approval was
taken for the present study. Only those patients were
included in the study where diagnosis of malignancy
was histologically proven in our department as per War-
ren and Gates criteria. For metachronous contralateral
breast cancer, the inclusion criteria consisted of a time
gap of 5years and/or disparity in hormone receptor sta-
tus without any reported metastasis. Tumors defined in
original medical records as either recurrent or metastatic
were excluded. The tumor diagnosed first and associated
with the cause of the patient’s initial visit was defined as
the first primary cancer (primary cancer), the second pri-
mary cancer (second cancer) was the one diagnosed sec-
ond and so forth. All of the primary tumors in MPMTs
patients diagnosed within 6 months were classified as
synchronous multiple primary malignant tumors (SMP-
MTs), and tumors diagnosed after more than 6 months
were deemed metachronous multiple primary malignant
tumors (MMPMTs).

Selected 121 patients were analyzed and various clin-
icopathological parameters were noted like personal
details (age, sex, family history, habits and duration of
illness), histopathological details (location of tumour,
size, microscopic features, extent of spread, stage and
grade), treatment details, time interval between each
malignancy and follow up. The cases were sub grouped
according to the site of tumour as follows: Head and neck
(buccal mucosa, tongue, Guillain-Barré syndrome (GBS),
salivary gland, uvula, tonsil, vallecula, parotid, pyriform
fossa (PFF), floor of mouth, oropharynx and larynx), thy-
roid, breast, lung, reproductive tumor (cervix, uterus and
ovary, vagina, testis and prostate), gastrointestinal tract
(caecum, colon, oesophagus, gall bladder, jejunum, pan-
creas, rectum, stomach) urinary tract (urinary bladder
and kidney), haematological tumor (leukemia, lymphoma
and non-Hodgkin lymphoma) and others (pleural, bone
and soft tissue). Hematoxylin and eosin (HE) stains were
employed to stain the histological slides.

Statistical analysis

All the data received from hospital-based software and
available files, was filled in the excel sheet. Further this
numerical data of various parameters was analysed by
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calculating mean, and median with the help of Excel
functions. For significance, p <0.005 was considered sig-
nificant. Patients’ follow-up was carried out by telephone,
electronic medical records and letters. The overall sur-
vival of the patients was determined as the interval from
diagnosis of MPMTs to the date of death or the last fol-
low-up and patients were followed until January 31, 2020.
Kaplan-Meier methodology was employed to analyze
survival and line plot was made using matplotlib python
library function.

Results
Total 8000 cancer cases were studied at our centre during
the period of 1999 to 2019. Out of 8000 cases of cancer,
head & neck comprised 1840 (23%), gastrointestinal tract
1120 (14%), breast 1200 (15%), gynecological 720 (9%),
lung 1120 (14%), hematological 800 (10%) and others
1200 (15%) cases. Male to female ratio was 1: 1.22. Most
of the patients were between the age of 31 and 60years
with peaks at 55 years for males and 50 years for females.
From these 8000 cases 121 cases of MPMTs were
reported, of which 114 cases were double primaries and
7 were triple primaries. Out of 121 cases, 24 cases were
grouped as synchronous malignant tumors (SMPMTs)
and 97 cases as metachronous malignant tumors (MMP-
MTs) and the ratio of SMPMTs to MMPMTs was 1: 4.041.
Out of 121 cases, 50 were males and 71 females (sex
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ratio M:F=1:1.42). For SMPMTs cases, 16 were males
while 8 were females whereas, for 97 MMPMTs cases, 34
were male and 63 were female patients. The occurrence
of multiple primary malignant tumors (MPMTs) in our
study was 1.51% (121/8000).

The mean age of the 121 patients was 52years (range
15-80) at diagnosis of the first primary cancer with most
patients being diagnosed with MPMTs at the age of 50 to
59 (33.05%). For second primary cancer mean age at diag-
nosis was 58.27 (range 24-90) and most patients were
diagnosed with MPMTs at the age of 60 to 69 (35.53%).
For breast cancer malignancies mean age for first primary
malignancy and second primary malignancy was 48.55
and 55.95years respectively. For third primary cancer the
mean age at diagnosis was 71.42 (range 65—86) and most
patients were diagnosed with MPMTs at the age of 60—69
and 70-79 age group (42.85% each) (Fig. 1). The young-
est case in SMPMTs series was a 15years old male child
who first presented with ewings sarcoma and then after
33years developed invasive ductal carcinoma of breast at
the age of 48 years. While the oldest case was an 80-year-
old male who presented with synchronous malignancies
of lung adenocarcinoma and stomach gastrointestinal
stromal tumor.

Interval between the diagnosis of the first primary and
second primary cancer & the first primary and third pri-
mary cancer was recorded for all the cases. The minimum
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Fig. 1 Graph depicting the age of the first, second and third primary cancer patients at the time of MPMTs diagnosis (MPMTs* multiple primary
malignant tumors)
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duration was noted in a case of breast - ovary cancer pair
(2days) and maximum duration of illness was noted in
a case of ewings sarcoma - breast cancer pair (33 years).
Among our 121 patients the mean interval between the
diagnosis of the first primary and second primary can-
cer was 6.204years and median value was 5years, and
the mean interval between the diagnosis of the first pri-
mary and third primary cancer was 10.142years and
median was 8years (Fig. 2). Mean interval for SMPMTs
and MMPMTs was 2.8 months and 7.67years. Median
time interval between cancer diagnosis for synchronous
and metachronous cancers was found to be 2 months and
7 years respectively.

In male patients most of the first primary cases were
head and neck cancer (44%) followed by lung (22%) and
digestive cancers (20%) respectively. In female patients
most of the reported first primary cancer cases were
breast cancer (60.53%), followed by gynaecological
malignancies (21.12%). For second primary malignan-
cies maximum cancer cases for males were lung cancer
(24%) followed by digestive malignancies (20%) whereas,
in females breast cancer (38.02%), followed by gynaeco-
logical malignancies (22.53%) and digestive malignancies
(14.08%). Most of the reported first primary and second
primary cancer pairs were breast-gynaecological malig-
nancies (18/121) breast-breast (14/121), breast-head &
neck (7/121) and head & neck - lung cancer (7/121). Out
of 121 cases, 7 cases of third primary malignancy were
reported with male to female ratio of 1:2.5.

Most common first primary malignancy site was breast
45 (37.19%) followed by head and neck 24 (19.83%), repro-
ductive tumor 20 (16.52%), digestive tumor 11 (9.09%),
hematological 8 (6.611%), lung 5 (4.13%), urinary tract 5
(4.13%), 2 (1.65%) and others 1 (0.82%). While the most
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common second primary site was also breast 30 (24.79%),
followed by reproductive and digestive malignancies
21(17.35%) each, head & neck 12 (9.91%), lung 15 (12.39%),
hematological 8 (6.611%), urinary tract 4 (3.30%), thyroid
6 (4.95%) and others 4 (3.30%). For Third primary 28.57%
cases included haematological, 28.57% gastrointestinal
malignancies and 14.28% each for reproductive, urinary
and lung cancer each. The ratio of MPMTs sites in the same
system was 18.18% (22/121), and the ratio of MPMTs sites
in the different system was 81.81% (99/121) (Fig. 3).

On the basis of histological examination most common
tumors were adenocarcinoma, invasive ductal carcinoma
(IDC) and squamous cell carcinoma (SCC). 15.70, 24.79,
and 42.85% of primary, second and third malignant tumors
were adenocarcinomas, respectively. 33.05, 23.96%, IDC
cases were reported for first primary and second primary
malignancies respectively. 24.79, 17.35 and 14.28% squa-
mous carcinomas cases were reported for first, second and
third primary malignancies respectively.

Family history of cancer in first degree relatives was
seen in 15 cases (12.39%), out of 15 first primary cases, 7
cases (46.66%) were for breast, 3 cases (20%) for digestive
malignancy and 1 case (6.66%) each for larynx, tongue,
uterus, bone and urinary bladder. In one case with triple
primary malignancies (breast-breast-ovary) the BRCA 2
gene mutation was reported however, the genetic analysis
was not performed for the remaining 14 cases.

Clinical stages

Staging of all cases was done except leukemia. Most of
the first primary cases 60/118 (50.84%) as well as second
primary 52/119 (43.69%) cases were having stage 2 dis-
ease at the time of presentation. 10.16% of first malignan-
cies were at stage 4 while there was a considerable rise of
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19.8% stage 4 cases in the second primary at the time of
presentation (P<0.005) (Fig. 4).

Treatment factors

Treatment modalities were considered and cases were
subjected to chemotherapy or radiotherapy or surgery
according to the type of tumour and its stage. Of 121
cases, among all primary cancers, 33.05% (40/121) were
treated with combined treatment of chemotherapy, radi-
otherapy and surgery, 17.35% (21/121) were treated with
chemotherapy & radiotherapy both, 14.04% received
only surgery (17/121) and 11.57% only chemother-
apy (14/121), 4.95% radiotherapy & surgery and 1.65%
only radiotherapy (2/121). Among all second cancers,
25.61% (31/121) were treated with only chemotherapy,

19.00% (23/121) were treated with only surgery, and
18.18% treated with chemotherapy, radiotherapy & sur-
gery (22/121), 15.70% chemotherapy & radiotherapy,
chemotherapy & surgery respectively (19/121), 4.95%
radiotherapy and surgery (6/121), 0.82% treated with
only radiotherapy (1/121). Among all 3rd primary can-
cers, 28.57% (2/7) were treated with only chemotherapy,
14.28% (1/7) were treated with only surgery, 14.28% (1/7)
chemotherapy & surgery and 42.85% (3/7) with radio-
therapy and chemotherapy (Table 1).

Prognosis

A total of 91.73% (111/121) of patients with MPMTs
were effectively followed up until January 31, 2020 and
10 patients were lost to follow-up, with a missing rate of
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8.26%. Median follow up time was 215 months. Among
the 111 patients who were followed up, 31.53% (35/111)
have died, and 5-year survival rate of the remaining 86
patients was 68.46%. Of the 31.53% (35/111) who died,
cause of death was unknown in 3 cases, 6 patients died
of cancer causes and 26 died of cancer (Fig. 5).

Discussion

Present study aimed to analyse the risk of developing
second and subsequent multiple primary malignancies
at commonly occurring primary cancer sites. Patients
with a first primary tumor have almost 10% higher risk
of developing second tumor with respect to the general
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population (AIRTUM working group 2013; Xu and Gu
2014). The prevalence of multiple primary malignant
tumors (MPMTs) in our study was 1.51% (121/8000).
The reported frequency of MPMTs incidences varies
between 0.7 and 11.7% in other countries.

The diverse incidence of MPMTs in different geo-
graphical regions might arise due to genetic factors,
environmental factors, diagnostic methods, longer
analysis duration and inclusion of autopsy series in
these studies (Demandante et al. 2003; Lv et al. 2017).

The average age of MPMTs in the present study was
52years whereas for the breast cancer MPMTs inci-
dences it was 48years. It is in agreement with the

Table 1 Distribution of various treatment strategies used for first, second and third primary malignancies

Treatment Strategies

cT RT Surgery CTRT CT Surgery RT Surgery CTRT Surgery
Head and neck
P (24) 3(12.5) 14 (58.33) 1(4.16) 3(125) 3(12.5)
S(12) 5(41.66) 5(41.66) 1(8.33) 1(8.33)
Breast
P (45) 4(8.88) 14(31.1) 12.22) 26(57.77)
S(30) 3(10) 1(3.33) 4(13.33) 3(10) 3(10) 16(53.33)
Reproductive
P (20) 105 105 3(15) 3(15) 3(15) 2(10) 7(35)
S(21) 2(9.52) 6(28.57) 3(14.28) 4(19.04) 3(14.28) 3(14.28)
T 1(100)
Digestive
P(11) 1(9.095) 4(36.36) 1(9.09) 3(27.27) 2(18.18)
S@1) 4(19.04) 4(19.04) 5(23.80) 6(28.57) 2(9.52)
T(Q) 2 (100)
Urinary Tract
P(5) 2(40) 1(20) 1(20) 1(20)
54 1(25) 3(75)
T() 1(100)
Haematological
P(8) 8(100)
S(8) 8(100)
TQ) 2(100)
Lung
P(5) 2(40) 1(20) 2(40)
S(15) 11(73.3) 2(13.33) 2(13.33)
T(1) 1(100)
Thyroid
P2 2(100)
S (6) 3(50) 1(16.66) 1(16.66) 1(16.66)
Others
P(1) 1(100)
S ) 3(75) 1(25)

P First Primary, S Second Primary, T Third Primary, CT Chemotherapy, RT Radiotherapy
“Values in the bracket indicates percentage of patients received various therapies
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finding of Motuzyuk et al. 2018, where total 2032 cases
were studied and found that the average age of breast
cancer MPMTs patients was 46.6 years. In India, maxi-
mum cases of breast and ovarian cancer reported in
the age group of 45-50years, which appears to be a
decade younger than western countries and this could
be due to genetic and environmental factors. We have
found the early occurrence of breast cancer as early
as 15years in our study. There is a strong relationship
between younger age at diagnosis of the primary breast
cancer and risk of a subsequent cancer occurrence
(Munker et al. 1996; Spratt and Hoag 1966).

As per our study the ratio of men was found to be
higher in SMPMTs group while the numbers of women
were greater in MMPMTs group. In India, major sites
of cancer occurrence in males are head & neck and lung
whereas, in females breast and gynaecological sites are
common and same pattern was followed in MPMTs
studies. This could be due to higher survival rates for
the first primary cancer in these sites rather than unu-
sually high risks for a subsequent cancer (Mallath et al.
2014). We have reported that in females most (97.18%)
of the either first primary, second primary and both the
malignancies in pairs were breast (20% cases of bilateral
breast cancer) and gynaecological malignancies (8.86%
breast-cervix, 10.12% breast-ovary and 2.5% breast-
uterus cancer pairs). This is in agreement with the find-
ing of various other studies done by Bagri et al. 2014; Jena

et al. 2016; Motuzyuk et al. 2018. A strong association
between breast cancer and gynaecological tumors exists,
as they are (Filippakis et al. 2006; Baltatescu et al. 2013)
influenced by common hormonal risk factors related
to menstrual and pregnancy history, use of hormo-
nal medications, as well as genetic susceptibility factors
that increases risk for several cancers (Vogt et al. 2017).
Age, race and hormone receptor status are risk factors of
developing second female genital cancers among breast
cancer survivors (Li et al. 2018). In a study done by Xiong
et al. 2018 found that younger patients have a high risk of
developing contralateral breast cancer.

In the present study 86% of male patients with MPMTs
exhibited tumors of the respiratory, lung and diges-
tive systems. The main reason for the high incidence of
these MPMTs tumors are use of tobacco and alcohol
in men (Priante et al. 2011). Survivors of cancers of the
oral cavity and pharynx have high risk of developing a
subsequent cancer of oral cavity, pharynx, esophagus,
larynx and lung. The risks of subsequent cancers of the
lung and oral cavity are especially high among lung can-
cer survivors who continue to smoke cigarettes (Mallath
et al. 2014; Lin et al. 2005; Chuang et al. 2010; Schotten-
feld 1996). This indicates that these three sites should
be closely monitored by screening in men. Men should
also be advised of the risk between tobacco and alcohol
consumption and developing MPMTs in future. In the
present study the major site of MPMTs in the digestive
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system was the esophagus, colon and rectum, followed by
stomach. This is in agreement with the previous study of
Moertel et al. 1958. We have also reported few familial
cases of colon and rectum cancers that may be related
to genetic syndromes associated with early onset colon
cancer mentioned by familial adenomatous polyposis and
hereditary nonpolyposis colorectal cancer.

We have reported family history in 15.55% (7/45) first
primary breast cancer samples. Several studies have
proven that many genes, including BRCA1/BRCAZ2,
ATM, POLDI1, PABL2 and SMAD4 played pivotal role
in the occurrence and pathogenesis of MPMTs. Muta-
tions in BRCA1 and BRCA 2 genes, contribute to the
excess risk of subsequent cancer among women with
early-onset breast cancer (Lv et al. 2017; De Luca et al.
2019). In addition to these genes, significant relationship
has been observed between the microsatellite instability
(MSI) phenotype and MPMTs. Thus, MSI testing might
provide an effective tool to detect those patients who are
at the higher risk of developing MPMTS (Ohtani et al.
2000; Yun et al. 2009).

The long survival of cancer patients after successful
treatment of primary cancers, reports late effects of radi-
otherapy and chemotherapy and in particular, the occur-
rence of second primary cancers (Manavoglu et al. 1996).
In our study also maximum breast MPMTs patients
received chemotherapy and radiotherapy along with sur-
gery. Association of breast and hematological malignan-
cies was found which may be due to late toxic effects of
radiotherapy, chemotherapy and immunosuppression. In
addition, thyroid cancer, second malignancies of breast,
bone, connective tissue and lung may arise after radio-
therapy (Ricceri et al. 2015).

There are no well-established guidelines for the treat-
ment of MPMTs and treatment generally follows man-
agement of first primary, second and third primary
cancer. Each case varies by type and stage of each tumor,
response to treatment and the patient’s overall health sta-
tus (Copur and Manapuram 2019). Treatment strategies
for MPMTs aim to cover both first and second primary
cancer types without increasing toxicity and negative
impact on the overall outcome. Tumor which is more
detrimental to the patients survival and quality of life
is treated on priority. Treatment of MPMTs should be
monitored by a multidisciplinary team of clinicians and
interdisciplinary treatment is essential given the diversity
of disease combinations and treatment strategies (Wil-
liamson et al. 2015). If surgery fits in, tumor removal
should be done on priority followed by chemotherapy,
radiotherapy and other treatment methods (Gu et al
2015). In our study patients were offered treatment as per
NCCN guidelines according to site and stage of tumor
by single/ double / triple modality and chemotherapy
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& radiotherapy after initial surgery was the most pre-
ferred mode of treatment. Total, 91.73% of patients with
MPMTs were effectively followed and overall 2- and
5-year survival rate of the remaining 86 patients was
55.29, and 44.71% respectively. This is in agreement with
the study of Zhai et al. 2018 who reported overall 2- and
5-year survival rates of the 164 MPMTs patients were
54.3 and 31.4%, respectively.

Our study included retrospective characteristics with
a relatively small cohort of hospital-based data (not pop-
ulation-based data in India), the results might be biased
and may not represent the trends of general Indian popu-
lation. Further investigations with larger cohort size or
multicentre studies are required to confirm our results.

Conclusion

With the better diagnostic modalities and increase in
survival rates of cancer patients the incidence of MPMTs
has shown remarkable increase. Furthermore, prolonged
follow-up after surgery should be considered with periodi-
cal radiological imaging and other relevant examinations.
For common occurring multiple primary tumor pairs like
in breast cancer cases, second breast, ovarian and uterine
cancer needs to be tracked as well, and in head and neck
cancer cases, close tracking of head & neck and lung can-
cer needs to be carried out. Women with hereditary syn-
dromes should undergo regular check-up and if warranted
may choose to undergo mastectomy, oophorectomy and
salpingectomy to reduce the risk of subsequent invasive
breast cancer by 50% and nearly eliminates the risk of
ovarian and fallopian tube cancer. To reduce the risk of
hereditary multiple colon cancers, recommended treat-
ment is the removal of the entire colon at an early age.
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