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Magid H Amer Background: Multiple primary neoplasms in surviving cancer patients are relatively common,
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with an increasing incidence. Their impact on survival has not been clearly defined.

Medical Center, Lima, OH, USA Methods: This was a retrospective review of clinical data for all consecutive patients with

histologically confirmed cancer, with emphasis on single versus multiple primary neoplasms.

Second primaries discovered at the workup of the index (first) primary were termed simultaneous,

if discovered within 6 months of the index primary were called synchronous, and if discovered

after 6 months were termed metachronous.

Results: Between 2005 and 2012, of 1,873 cancer patients, 322 developed second malignancies;

these included two primaries (n=284), and three or more primaries (n=38). Forty-seven patients

had synchronous primaries and 275 had metachronous primaries. Patients with multiple

primaries were predominantly of Caucasian ancestry (91.0%), with a tendency to develop

thrombosis (20.2%), had a strong family history of similar cancer (22.3%), and usually presented

with earlier stage 0 through stage II disease (78.9%). When compared with 1,551 patients with
a single primary, these figures were 8.9%, 15.6%, 18.3%, and 50.9%, respectively (P=0.001).
Five-year survival rates were higher for metachronous cancers (95%) than for synchronous

primaries (59%) and single primaries (59%). The worst survival rate was for simultaneous con-

comitant multiple primaries, being a median of 1.9 years. The best survival was for patients with

three or more primaries (median 10.9 years) and was similar to the expected survival for the

age-matched and sex-matched general population (P=0.06991).

Conclusion: Patients with multiple primaries are usually of Caucasian ancestry, have less

aggressive malignancies, present at earlier stages, frequently have a strong family history of

similar cancer, and their cancers tend to have indolent clinical behavior with longer survival

rates, possibly related to genetic predisposition.

Keywords: genetic susceptibility, incidence study, hereditary, multiple primary neoplasms,

survival analysis, prognosis

Introduction

Over the last three decades, there have been advances in the diagnostic techniques and

treatment modalities available for cancer patients, which have led to earlier detection

of cancer, improved disease management, and increased survival. Such improve-

ment has caused a surge in the number of surviving patients with secondary multiple

Correspondence: Magid H Amer neoplasms, posing an additional threat in terms of morbidity and mortality. Such an
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entity of multiple neoplasms is not rare or new, being described by Billroth as far back

Lima, OH 45805, USA as 1889." In 1932, Warren and Gates published the first study of 1,259 patients with
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multiple neoplasms.! Ever since, there have been numerous reports addressing the

Email magidamer@email.com occurrence of second primary neoplasms. Nowadays, it is accepted that the prevalence
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of multiple neoplasms varies between 0.7% and 11.7% in
different populations' and this number is increasing.’

Even though there is an adequate body of published data
describing the epidemiology and clinical characteristics of
patients with single and multiple primaries, there are few
reports addressing patient survival with different results.*
In the present study, we attempt to determine the incidence
of multiple primaries and possible risk factors, and to assess
the impact of multiple neoplasms on patient survival.

Materials and methods

The medical records of cancer patients initially seen and/or
closely followed by the author at a regional cancer center
were retrospectively reviewed, with special emphasis on
the incidence of secondary neoplasms, risk factors for mul-
tiple malignancies, and their impact on survival. The study
included all consecutive adult patients with histologically
confirmed malignancies, with the exception of nonmelanoma
skin cancer and carcinoma in situ of the uterine cervix. All
data collected were stripped of any patient identification
in compliance with the Health Information Protection Act.
The study was approved by the institutional review board at
St Rita’s Medical Center.

Patient age was estimated based on the date of initial
histologic diagnosis of cancer. Elderly patients were defined
as being aged =65 years. Ethnic background was classified
as Caucasian, Native American Indian (from both parents),
African American, and others. Smoking status was expressed
as nonsmoker or smoker. Body mass index (BMI, kg/m?) was
calculated and grouped into those who were underweight
(BMI <18.4 kg/m?), normal weight (18.5-24.9 kg/m?), over-
weight (25-29.9 kg/m?), obese (30-39.9 kg/m?), or morbidly
obese (BMI >40 kg/m?). Multiple cancers were defined as
two or more primary cancers occurring in an individual that
are not an extension, recurrence, or metastasis. Based on the
chronology of presentation, they were categorized according
to Warren and Gates.’ An index tumor was defined as the
first diagnosed malignant tumor in patients with multiple
malignancies. Second primaries discovered at workup of the
index primary were termed simultaneous; within 6 months
of the index primary were called synchronous; and after 6
months, termed metachronous primaries. The latter were
further defined as metachronous <5 years (6 months to 59
months after index primary) and metachronous =5 years
(an interval equal to or more than 5 years). Patients with
simultaneous bilateral paired organ cancers such as breast,
lung, or renal, were considered to have a single primary if
their cancers had the same histologic diagnosis.

The primary tumor site was defined according to the
International Classification of Diseases Tenth Revision
(ICD-10)® (http://apps.who.int/classifications/icd10/
browse/2010/en). Histologic diagnosis was classified into

adenocarcinoma, whether duct cell type or lobular; squamous
cell cancer; other types of cancer such as lymphoma or
leukemia; and undetermined, such as undifferentiated
malignancies or inadequately confirmed neoplasms. Stage
of disease was defined according to the American Joint
Committee of Cancer Staging Classification (Seventh Edi-
tion, 2010). Patients with leukemia were considered to have
stage I'V. Other cancer types for which there is no defined
staging system were categorized as stage 0 if carcinoma in
situ, stage [ if localized, stage 11 if there was regional lymph
node involvement, stage 11l if locally or regionally advanced,
and stage IV if there was evidence of distant metastases. For
patients with multiple malignancies, the date of the first pri-
mary diagnosis was considered as the date of initial diagnosis,
and the most advanced stage of any simultaneous primaries
was recorded as the stage of disease.

Patients were questioned about any previous history of
thromboembolic events, and closely followed for such a
possibility. Only patients with clinical manifestations and/
or radiologic evidence of thrombotic manifestations were
considered to have had thromboembolic events. Family his-
tory of cancer was categorized as strong if one of the patient’s
first-degree relatives (biological parents, brothers, sisters,
sons, or daughters) had a similar cancer site; intermediate if
first-degree relatives had other cancer sites; and weak if only
second-degree or third-degree relatives had cancer. The risk
of a second primary was calculated as the number of patients
with multiple primaries relative to the total number of cancer
patients seen, according to tumor site and stage of disease.

Duration of follow-up was measured from the date
of initial clinical examination until the last date seen for
follow-up, and was expressed in months. The final status
of the patient, whether alive or dead, was recorded. Time
intervals between multiple primaries were calculated from
the date of histologic diagnosis of the first/index primary to
the second primary and in between subsequent primaries,
and were measured in months. Overall survival was calcu-
lated from the date of initial histologic diagnosis of cancer
until the date of death, or if the patient was confirmed to
be alive by the end of December 2012, and was measured
in years. Survival of patients was compared with that of
an age-matched and sex-matched control group, based on
life expectancy of the general population derived from the
actuarial life table published by the US Social Security

submit your manuscript

120

Dove

Cancer Management and Research 2014:6


www.dovepress.com
www.dovepress.com
www.dovepress.com
http://apps.who.int/classifications/icd10/browse/2010/en
http://apps.who.int/classifications/icd10/browse/2010/en

Dove

Multiple neoplasms, single primaries, and survival

Administration, 2009 (http://www.ssa.gov/oact/STATS/
table4c6.html).
Differences between categorical groups were tested using

Pearson’s chi-squared test. Analysis of variance was used
to analyze the differences between means of continuous
variables, such as age in years, and expressed as the mean
+ standard deviation. The chi-squared test was used to
examine the relationship between qualitative variables. Fac-
tors influencing survival were estimated by Kaplan—Meier
survival analysis, and the log-rank test was used to compare
the distribution of survival between groups. In all analyses,
a two-sided P-value less than 0.05 was considered to be
statistically significant. Missing data were deleted from the
analysis. Statistical analysis was conducted using Statistica
version 10 software (Stat Soft Inc, Tulsa, OK, USA).

Results

Incidence of multiple primaries

Between January 2005 and December 2012, of 1,873 con-
secutive cancer patients, 1,551 (82.8%) had a single primary
neoplasm and 322 (17.2%) had multiple neoplasms. Patients
with multiple primaries included 284 (15.2%) patients with
two primaries, 30 (1.2%) with three, six (0.3%) with four, and
two (0.1%) with five neoplasms. The mean interval between the
index primary and the second primary was 117£124.0 months,
with a median of 76.5 months. Twenty-four (7.5%) patients
presented with their second primary within the first month
(simultaneous primary), 23 (7.1%) presented within the sub-
sequent 5 months (synchronous), 88 (27.3%) presented within
5 years (metachronous <5 years), and 78 (24.2%) presented
after 5 years (metachronous =5 years). Demographic data on
single versus multiple primaries are shown in Table 1. Clinical
information, tumor characteristics, and survival data for cases
with single versus synchronous and metachronous primaries
are outlined in Tables 2 and 3.

When analysis was limited to the 1,229 patients who
were initially diagnosed with cancer during the interval
between January 2005 and December 2012, 75 (6.1%) had
multiple primaries, including 69 (5.6%) with two primaries
and six (0.5%) with three or more primaries. Thirty-eight
(3.1%) patients had synchronous primaries and 37 (3.1%)
had metachronous primaries.

The cumulative incidence of multiple primaries increased
with increasing time from initial cancer diagnosis, reaching
7.2% at 5 years, 11.4% at 10 years, 13.3% at 15 years, 14.8%
at 20 years, and 17.2% after 20 years. Proactive screening
for a second primary during follow-up of cancer survivors
led to detection of 24 (1.3%) asymptomatic second primaries

Table | Demographic data on patients with single and multiple

cancer primaries

Cancer Management and Research 2014:6

Demographic All Single Multiple P-value
data patients primary primaries
n (%) n (%) n (%)
Patients (n) 1,873 1,551 322
Age at diagnosis
Mean £ SD 61.1£14.5 61.3t144 60.2+152  0.19611
=64 years 1,064 (56.8) 889 (57.3) 175 (54.4) 0.32754
=65 years 809 (43.2) 662 (42.7) 147 (45.7)
Sex
Male 728 (38.9) 581 (37.5) 147 (45.7)  0.00606
Female 1,145 (61.1) 970 (62.5) 175 (54.4)
Ethnicity
Caucasian 1,481 (82.7) 1,197 (80.9) 284 (91.0) 0.00007
African 232 (13.0) 216 (14.6) 16 (5.1)
American
Native 43 (2.4) 35(24) 8 (2.6)
American Indian
Others 35 (2.0 31 2.1) 4 (1.3)
BMI
Underweight 69 (4.4) 53 (4.1) 16 (5.9) 0.01406
Normal BMI 482 (30.6) 393 (30.2) 89 (32.7)
Overweight 498 (31.6) 398 (30.5) 100 (36.8)
Obese 417 (26.5) 364 (27.9) 53 (19.5)
Morbid obesity 109 (6.9) 95 (7.3) 14 (5.2)
Atherosclerosis
Absent 1,179 (62.9) 1,005 (64.8) 174 (54.0) 0.00027
Present 694 (37.1) 546 (35.2) 148 (46.0)
Smoking
Nonsmoker 737 (41.5) 633 (43.1) 104 (33.8)  0.00253
Smoker 1,040 (58.5) 836 (56.9) 204 (66.2)
Thrombosis
None 1,566 (83.6) 1,309 (84.4) 257 (79.8) 0.04320
Thrombosis 307 (16.4) 242 (15.6) 65 (20.2)
FH of cancer
None 239 (16.6) 203 (16.9) 36 (15.1) 0.00928
Weak FH 193 (13.4) 176 (14.7) 17 (7.1)
Intermediate FH 733 (51.0) 601 (50.1) 132 (55.5)
Strong FH 273 (19.0) 220 (18.3) 53 (22.3)
Initial primary site
Breast 657 (35.1) 563 (36.3) 94 (29.2) 0.0000
Lung 232 (12.4) 219 (14.1) 13 (4.0)
Genitourinary 193 (10.3) 119 (7.7) 74 (23.0)
Gastrointestinal 167 (8.9) 138 (8.9) 29 (9.0)
Hematologic 130 (6.9) 115 (7.4) 15 (4.7)
Gynecologic 124 (6.6) 83 (5.4) 41 (12.7)
Lymphoma 120 (6.4) 100 (6.5) 20 (6.2)
Head and neck 79 (4.2) 68 (4.4) 11 (3.4
Hepatobiliary 52 (2.8) 52 (3.4) 0
Dermatologic 51 (27) 32 (2.1) 19 (5.9)
Others 68 (3.6) 62 (4.0) 6 (1.9)
Initial cancer stage
Stage 0 53 (2.8) 41 (2.6) 12 (3.7) 0.0000
Stage | 476 (25.4) 336 (21.7) 140 (43.5)
Stage Il 515 (27.5) 413 (26.6) 102 (31.7)
Stage Il 369 (19.7) 333 (21.5) 36 (11.2)
Stage IV 460 (24.6) 428 (27.6) 32(9.9)
(Continued)
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Table | (Continued)

Demographic All Single Multiple  P-value
data patients primary primaries
n (%) n (%) n (%)
Present status
Alive 977 (52.2) 850 (54.8) 127 (39.4)  0.00000
Died 896 (47.8) 701 (45.2) 195 (60.6)
Survival from diagnosis, years
Mean + SD 6.5+7.6 5.0£5.7 13.8£10.96 0.00000
Median 3.39 35 10.9
Range 0-62.7 0-62.7 0.1-51.7
At 5 years 66% 59% 92% 0.0000
At 10 years 39% 27% 80%
At 15 years 27% 15% 66%
At 20 years 19% 9% 55%
At 30 years 13% 4% 40%

Note: P, statistical differences between single primary and multiple primaries.
Abbreviations: BMI, body mass index; FH, family history of cancer; SD, standard
deviation.

at stage 0 (carcinoma in situ), mainly following routine
mammography (n=4), plasmapheresis for elevated serum
globulin (n=8), screening colonoscopy (n=2), flow cytometry
for incidental lymphocytosis (n=7), digital rectal examination
of the prostate (n=1), and skin examination for melanoma
detection (n=2). Apart from those with breast cancer, these
patients were treated less aggressively with local excision
or just close observation.

Clinical presentation
When single and multiple primaries were compared, patients
with a single primary were predominantly women, less likely
to be smokers, had a lower prevalence of atherosclerosis, and
showed a higher tendency for obesity. Their tumors were
predominantly of adenocarcinoma cell type (945 patients,
60.9%), were more likely to be breast or lung primaries,
and predominantly of advanced stage III or IV disease.
Conversely, patients with multiple primaries were predomi-
nantly of Caucasian ancestry, had a tendency to be a smoker
and have atherosclerosis, frequently developed vascular
thrombosis, and had a strong family history of cancer. They
usually developed generalized multicentric malignancies
(150 cases, 48.2%), were more likely to present with genito-
urinary, gynecologic, colorectal, or dermatologic primaries,
and were predominantly at earlier stage 0 through stage II
disease (Table 1). Subsequent primaries comprised fewer
breast and prostate cancers but more lung and colorectal
cancers, and were predominantly at an advanced stage of
disease compared with the index primaries (Table 4).
When synchronous and metachronous primaries were
compared, patients with metachronous primaries were usually

women; younger in age; with a higher tendency to develop
vascular thrombosis, especially arterial; had breast, prostate,
or colorectal primaries; and usually presented at earlier stage
0 through stage II disease.

The most common initial primary neoplasms in cancer
survivors with multiple primaries were breast (29%), pros-
tate (14.9%), and colorectal (9.0%) sites. For the subsequent
second primary, the most common were breast (18.3%), lung
(18.0%), colorectal (11.5%), and prostate (6.5%). Incidentally,
none of the 34 patients with pancreatic, hepatocellular, gall-
bladder, or biliary cancer and only one of 28 patients with
acute leukemia lived long enough to present with a second
malignancy (Table 4). Patients with multiple primaries who
were smokers (n=204) were more likely to present initially
with prostate (18.1%), colorectal (9.8%), bladder (6.9%), or
lung (5.9%) primaries compared with nonsmokers (n=104;
8.7%, 8.7%, 1.9%, and 0.9%, respectively, P=0.00183).
A strong family history was particularly noticed in patients
initially presenting with breast (26.9%), prostate (26.7%), col-
orectal (25.3%), laryngeal (25.0%), lung (20.9%), or urinary
bladder (20%) cancers, as well as in patients with multiple
primaries (22.3%, Tables 1 and 2). When all patients of Cau-
casian ancestry were compared with other ethnic groups, there
was a preponderance of male sex, age over 65 years, normal
BMI or underweight, atherosclerosis, vascular thrombosis,
multiple thrombophilic gene mutations, a family history of
cancer, and frequent multiple primaries (P<<0.05), but no
differences in regards to smoking patterns (Table 5).

All patients were closely followed for a mean duration of
25.0123.8 months. At the end of the study, nearly half (48%) of
them had died, predominantly from progressive malignancy.

Possible risk factors

for multiple primaries

Patients initially presenting with thyroid, urinary bladder,
prostate, cervical, and uterine cancers were more liable to
develop a second malignancy, while those with hepatic, biliary,
and pancreatic cancers, as well as those with acute leukemia,
rarely developed second primaries (Table 4). This is much more
noticeable in cases with earlier stage 0 through stage II cancers
compared with advanced stage III and stage IV malignancies
(Table 4), and may be related to the poor outcome for these
patients, who do not survive long enough for development of
a second primary.

Impact on survival
Overall, patients with multiple primaries had better survival
than those with a single primary (Table 1 and Figure 1).
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Table 2 Clinical presentation of cancer patients with a single primary compared with synchronous and metachronous multiple

primaries
Demographic data Single Synchronous Metachronous P-value
primary primaries primaries
n (%) n (%) n (%)
Patients (n) 1,551 47 275
Age at diagnosis
=64 years 889 (57.3) 12 (25.5) 163 (59.3) 0.00006
=65 years 662 (42.7) 35 (74.5) 112 (40.7)
Sex
Men 581 (37.5) 30 (63.8) 117 (42.6) 0.00050
Women 970 (62.5) 17 (36.2) 158 (57.5)
Ethnicity
Caucasian 1,197 (80.9) 41 (93.2) 243 (90.7) 0.00013
African American 216 (14.6) 0 16 (6.0)
Native American Indian 35(24) 3(6.8) 5(1.9)
Others 312.0) 0 4(1.5)
BMI
Underweight 53 (4.1) 2(54) 14 (6.0) 0.49852
Normal BMI 393 (30.2) 14 (37.8) 75 (31.9)
Overweight 857 (65.8) 21 (56.8) 146 (62.1)
Atherosclerosis
Absent 1,005 (64.8) 33(70.2) 141 (51.3) 0.00006
Present 546 (35.2) 14 (29.8) 134 (48.7)
Smoking
Nonsmoker 633 (43.1) 13 (27.7) 91 (34.9) 0.00683
Smoker 836 (56.9) 34 (72.3) 170 (65.1)
Thrombosis
None 1,309 (84.4) 40 (85.1) 217 (78.9) 0.02239
DVT 77 (5.0) 2(43) 22 (8.0)
PE 31 (2.0) 2 (43) 3(1.1)
DVT + PE 55(3.6) 3(6.4) 11 (4.0)
Catheter-related 23 (1.5) 0 4(1.5)
Superficial phlebitis 18 (1.2) 0 1 (0.4)
Visceral clots 13 (0.8) 0 9(3.3)
Arterial thrombosis 25 (1.6) 0 8 (2.9)
FH of cancer
None 203 (16.9) 3(9.7) 33 (15.9) 0.04274
Weak FH 176 (14.7) 2 (6.5) 15(7.3)
Intermediate FH 601 (50.1) 17 (54.8) 115 (55.6)
Strong FH 220 (18.3) 9 (29.0) 44 (21.3)
Present status
Alive 850 (54.8) 19 (40.4) 108 (39.3) 0.00000
Died 701 (45.2) 28 (59.6) 167 (60.7)
Disease status
Cancer-free 747 (48.2) 16 (34.0) 102 (37.1) 0.00075
With cancer 804 (51.8) 31 (66.0) 173 (62.9)
Causes of death
Cancer progression 578 (82.5) 25 (89.3) 142 (85.0) 0.81122
Therapy-related 20 (2.9) 1 (3.6) 1 (0.6)
Age-related 54 (7.7) 1 (3.6) 13(7.8)
Other causes 37 (5.3) 1 (3.6) 8 (4.8)
Undetermined 12 (1.7) 0 3(1.8)
Survival from diagnosis, years
Mean + SD 5.0£5.7 3.844.1 15.5+10.85 0.0000
Median 35 235 12.46 0.0000
Range 0-62.7 0.1-17.8 1.0-51.7
(Continued)
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Table 2 (Continued)

Demographic data Single Synchronous Metachronous P-value
primary primaries primaries
n (%) n (%) n (%)
At 5 years 59% 59% 95% 0.0000
At 10 years 27% 33% 84%
At 20 years 9% 0% 59%
Matched control
Mean + SD 23.4+11.7 15.9£8.1 25.6+13.03 0.02017
Median 21.8 14.7 22.6 0.00021
Range 3.2-66.4 4.3-47.0 5.0-66.4

Note: P, statistical differences between single, synchronous, and metachronous primaries.
Abbreviations: BMI, body mass index; DVT, deep vein thrombosis; FH, family history of cancer; SD, standard deviation; PE, pulmonary embolism.

The best survival was for patients with three or more primaries,
and was relatively similar to the projected life expectancy of
the age-matched and sex-matched US population. This is in
marked contrast with patients having a single primary (Figure
2). The worst survival was for synchronous primaries and
single primaries, compared with metachronous primaries,
especially if >5 years (Table 2 and Figure 3). However, there
were no significant differences in survival between single,
simultaneous, and synchronous primaries (Figure 3). This
survival advantage for patients with multiple primaries per-
sisted even if the analysis was limited to patients with invasive
cancer by excluding all 53 patients initially presenting with
carcinoma in situ (stage 0, P=0.0000, Figure 4) or the study
was limited to a specific interval of initial cancer diagnosis,
such as patients initially diagnosed as having cancer between
2005 and 2012 (P=0.00236, Figure 5). Further, there was no
difference in survival between single and multiple primaries
when survival with multiple primaries was calculated from
the date of diagnosis of the second primary rather than from
the date of the initial cancer diagnosis (P=0.05956, Figure 6).
Both single and metachronous primaries fared worse com-
pared with the control group representing the life expectancy
of the US population (Figure 7).

Discussion

Incidence of multiple primaries

Cancer survivors have a 14% increased risk of develop-
ing a second cancer primary compared with the general
population.>”® In the USA, the number of cancer survivors
has tripled since 1971 and is growing by 2% each year.” As a
consequence, the number of cancer survivors presenting with
multiple primaries has increased over time. Multiple primaries
now account for 16% of the newly diagnosed malignancies
reported in the US National Cancer Institute’s Surveillance,
Epidemiology, and End Results (SEER) program.®!°

The overall incidence of multiple primary neoplasms
among cancer survivors varies widely in the literature from
1% to 37%, depending on the type of analysis used, timing
of data collection, and ethnicity of the subjects studied. In the
USA, the incidence has varied from 3.5% in New Mexico’s
triethnic population (1977)," to 5.3% in an autopsy series
(1968),'? to 8% according to SEER data (1975-2001).% In
Western Europe, multiple primaries accounted for 0.7% in
a hospital registry in Scotland (1972)," 6.3% in multiple
European cancer registries (1995-1999),'* and 11.7% in an
autopsy series from Sweden (1969)." In the present study,
the incidence of multiple primaries was 6.1% for patients
initially diagnosed between 2005 and 2012.

The numbers and types of multiple primaries relative to
the total number of cancer patients also varies in the literature.
The incidence of three or more primaries varied from 0.2%
in a cancer center in Jordan (2006-2011),' 1.1% in an
autopsy series from Japan (1962-1981),'” 2.0% in a cancer
center in France (1980-2009),'° to 0.5% in the present study
(2005-2012). Metachronous primaries accounted for 1.0%
in an autopsy study from the USA (1982)," 5.3% in a study
from Switzerland (1975-1983)," and 3.1% in the present
study (2005-2012).

The incidence of multiple primary cancers has recently
increased. During 1995-2008, the percentage of multiple
primary cancers at all sites increased in the USA by 25.4%
using SEER rules (from 14.6% to 18.4%).?° In Finland, the
risk of second malignancies increased by 50% between
the 1950s and the 1980s.2'?2 The cumulative incidence of
multiple primaries also increases with increasing time since
initial primary diagnosis.” In the present study, the cumula-
tive incidence of second primaries for all cancer patients has
increased from 7.2% at 5 years to 17.2% after 20 years. It
has been suggested that, in patients with familial cancer syn-
drome, the risk of a second primary is approximately 3% for
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Table 3 Tumor characteristics of cancer patients with a single primary compared with those having synchronous and metachronous

multiple primaries

Tumor characteristics Single Synchronous Metachronous P-value
primary primaries primaries
n (%) n (%) n (%)
Patients (n) 1,551 47 275
Primary site
Breast (C50) 563 (36.3) 6 (12.8) 88 (32.0) 0.0000
Lung (C33-34, C45) 219 (14.1) 6(12.8) 7 (2.6)
Oral-pharynx (C00-13) 34 (22) 0 4(1.5)
Larynx (C32) 7 (0.5) I 2.1) (1.1
Esophagus (CI5) 28 (1.8) I 2.1) 1 (0.4)
Colorectal (C18-20) 121 (7.8) 4 (8.5) 25 (9.1)
Renal (C64-65) 27 (1.7) I (2.1) 5(1.8)
Bladder (C67) 17 (1.1) 6(12.8) Il (4.0)
Prostate (C61) 62 (4.0) 5(10.6) 43 (15.6)
Ovary (C56) 33 (2.10) 3(64) 5(1.8)
Uterus (C54) 20 (1.3) 0 14 (5.1)
Cervix (C53) 24 (1.6) 0 18 (6.6)
Liver (C22) 9 (0.6) 0 0
Biliary (C23-24) 9 (0.6) 0 0
Pancreas (C25) 34 (2.2) 0 0
Melanoma (C43) 27 (1.7) 2 (4.3) 14 (5.1)
Thyroid (C73) 3(0.2) I (2.1) 2(0.7)
Acute leukemia (C91) 28 (1.8) I (2.1) 0
CLL (C91) 45 (2.9) 3 (6.4) 6(2.2)
Lymphoma (C77) 100 (6.5) 3 (6.4) 17 (6.2)
Myeloma (C90) 36 (23) I @2.1) 2(0.7)
Others 105 (6.8) 3 (6.4) 10 (3.6)
Pathologic diagnosis
Adenocarcinoma 432 (27.9) 19 (40.4) 65 (23.6) 0.0000
Duct cell cancer 478 (30.8) 5(10.6) 58 (21.1)
Lobular cancer 35(2.3) 0 4 (1.5)
Squamous cell carcinoma 130 (8.4) 7 (14.9) 11 (4.0)
Other types 371 (23.9) 12 (25.5) 50 (18.2)
Undetermined 105 (6.8) 4 (8.5) 87 (31.6)
Cancer laterality
Left side 465 (30.7) 9 (19.6) 73 (27.6) 0.00016
Right side 476 (31.4) 11 (23.9) 56 (21.1)
Bilateral 67 (4.4) 2 (44) 10 (3.8)
No laterality 509 (33.6) 24 (52.2) 126 (47.6)
Multicentricity
Unifocal cancer 1,076 (75.0) 32 (69.6) 211 (87.9) 0.00003
Multifocal cancer 369 (25.0) 14 (30.4) 29 (12.1)
Cancer stage
Stage 0 41 (2.6) I @2.1) Il (4.0) 0.0000
Stage | 336 (21.7) 11(23.4) 129 (46.9)
Stage Il 413 (26.6) 8(17.0) 94 (34.2)
Stage Il 333 (21.5) 11 (23.4) 25 (9.1)
Stage IV 428 (27.6) 16 (34.0) 16 (5.8)

Notes: P, statistical differences between single, synchronous, and metachronous primaries. Primary site (International Classification of Disease code site) (ICD-10 Site).

Abbreviation: CLL, chronic lymphocytic leukemia.

each year of survival after the first cancer occurrence. When
the figure is projected over an 18-year span of survival, the
cumulative risk of a second primary exceeds 40%.>* More
than one quarter (28%) of the population surviving childhood
cancer experienced additional cancer primaries, and within

20 years from diagnosis of the index primary, the estimated
cumulative incidence of multiple primaries was reported to
reach 47%.%

The higher incidence of multiple primaries among all
cancer patients reported in this study as well as in other
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Table 4 Risk of developing multiple primaries in cancer patients relative to initial primary site and initial cancer staging

Risk of Single Multiple primaries

multiple primary Index Second Third Fourth Fifth Total

primaries (%) n (%) primary primary primary primary primary n (%)

n (%) n (%) n (%) n (%) n (%)
Primary site
Patients (n) 1,551 322 322 38 8 2 692
Thyroid 50.0 3(0.2) 3(0.9) 5(1.6) 2(5.3) 0 0 10 (1.4)
Bladder 50.0 17 (1.1) 17 (5.3) 5(1.6) I (2.6) I (12.5) 0 24 (3.5)
Prostate 436 62 (4.0) 48 (14.9) 21 (6.5) I 2.6) 1 (12.5) 0 71 (103)
Cervix 429 24 (1.6) 8 (5.6) 2 (0.6) 0 0 0 20 (2.9)
Uterus 412 20 (1.3) 14 (4.4) 4(12) I 2.6) 0 0 19 (2.7)
Melanoma 372 27 (1.7) 16 (5.0) 722) 3(7.9) 1 (12.5) 0 27 (3.9)
Larynx 36.4 7 (0.5) 4(12) 1 (03) 0 0 0 5(0.7)
Ovary 19.5 3321 8 (2.5) 1 (3.4) 0 0 0 19 2.7)
Colorectal 19.3 121 (7.8) 29 (9.0) 37(115)  7(184) 2 (25.0) I (50) 76 (11.0)
Renal 182 27 (1.7) 6(1.9) 9 (2.8) 0 0 0 15 (2.2)
Lymphoma 16.7 100 (6.5) 20 (6.2) 19 (5.9) 3(7.9) 0 0 42 (6.1)
CLL 16.7 45 (2.9) 9(2.8) 16 (5.0) I 2.6) 0 0 26 (3.8)
Breast 143 563 (363)  94(29.2) 59(183)  3(7.9) 0 0 156 (22.5)
Oral-pharynx 10.5 34 (2.2) 4(12) 4(12) 2(5.3) 0 0 10 (1.4)
Myeloma 7.7 36 (2.3) 3(0.9) 12 (3.7) 2(5.3) 2 (25.0) 0 19 (2.7)
Esophagus 67 28 (1.8) 2 (0.6) 7(22) I (2.6) 0 0 10 (1.4)
Lung 56 219 (14.1) 13 (4.0) 58(180)  6(15.8) 0 0 77 (1.1)
Acute leukemia 3.4 28 (1.8) 10.3) 3(0.9) I (2.6) 0 0 5(0.7)
Pancreas 0 34 (2.2) 0 9 (2.8) I 2.6) 0 0 10 (1.4)
Gallbladder 0 9 (0.6) 0 5(1.6) 0 0 0 5(0.7)
Liver 0 9 (0.6) 0 2 (0.6) 0 0 0 2(0.3)
Others 105 (6.8) 13 (4.0) 26 (8.1) 3(7.9) 1 (12.5) I (50) 44 (6.4)
Initial stage

Patients (n) 1,551 322 322 38 8 2 692
Stage 0 226 41 (2.6) 12 3.7) 19 (5.9) 7 (184) 4 (50) 0 42 (6.1)
Stage | 29.4 336 (21.7) 140 (435) 98 (30.4) 15(39.5  3(37.5) I (50) 257 37.1)
Stage Il 19.8 413 (26.6) 102(31.7) 72 (22.4) 6 (15.8) 0 0 180 (26.0)
Stage Il 9.8 333215 36(11.2) 48(149)  4(105) 0 0 88 (12.7)
Stage IV 7.0 428(276)  32(99) 85 (26.4) 6 (15.8) I (12.5) I (50) 125 (18.1)

Abbreviation: CLL, chronic lymphocytic leukemia.

publications may be related to the increased awareness of
the possibility of second malignancies, the frequent use
and increased sensitivity of screening procedures during
follow-up, and better treatment delivered to the initial malig-
nancy, with improved survival.?> This was evident in the
present study, where proactive screening for second primaries
led to detection of 24 (1.3%) patients with asymptomatic
stage 0 second malignancies.

Possible risk factors
Development of multiple primaries in cancer survivors may
be related to increased awareness or be secondary to previous
therapies, and may also be due to shared risk factors, includ-
ing environment, lifestyle, and inherited genes."

Age is considered to be a risk factor. The prevalence of
multiple neoplasms was reported to be 5%—12% for patients

aged 50-64 years, compared with 12%—-26% for those aged
over 80 years.”? In the present study, the highest incidence
was seen among those aged 60—69 years. However, the dif-
ferences were not statistically significant.

Ethnic background is an important risk factor. Different
societies have more prevalent tumors than others. For exam-
ple, the high incidence of gastric cancer but low incidence
of prostate cancer in Japan is in marked contrast with the
US population.” In the present study, patients of Caucasian
ancestry had higher incidences of multiple primaries com-
pared with other ethnic groups, even though the differences
were relatively small, being about 10% above the overall
cohort. In a previous report on the same group of patients,
those with Caucasian ancestry were more liable to develop
vascular thrombosis, with a higher cumulative incidence
of multiple thrombophilic gene mutations?® (Table 5).
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Table 5 Demographic data and tumor characteristics for all patients based on ethnicity

Demographic data Caucasians Others P-value Total
n (%) n (%) n (%)
Patients (n) 1,481 310 1,791
Age at diagnosis
=64 years 785 (53.0%) 228 (73.6%) 0.00000 1,013 (56.6%)
>65 years 696 (47.0%) 82 (26.5%) 778 (43.4%)
Sex
Male 642 (43.4%) 56 (18.1%) 0.00000 698 (39.0%)
Female 839 (56.7%) 254 (81.9%) 1,093 (61.0%)
Body BMI
Underweight 59 (4.7%) 6 (2.2%) 0.00017 65 (4.2%)
Normal BMI 412 (32.4%) 58 (21.6%) 470 (30.6%)
Overweight 799 (62.9%) 204 (76.1%) 1,003 (65.2%)
Atherosclerosis
Absent 902 (60.9%) 225 (72.6%) 0.00011 1,127 (62.9%)
Present 579 (39.1%) 85 (27.4%) 664 (37.1%)
Smoking
Nonsmoker 585 (41.5%) 125 (42.4%) 0.77953 710 (41.6%)
Smoker 825 (58.5%) 170 (57.6%) 995 (58.4%)
Thrombosis
Absent 1,222 (82.5%) 275 (88.7%) 0.00739 1,497 (83.5%)
Present 259 (17.5%) 35 (11.3%) 294 (16.4%)
Thrombophilic genes
Normal genes 14 (15.6%) 4 (80.0%) 0.00450 18 (18.9%)
One gene mutation 38 (42.2%) | (20.0%) 39 (41.1%)
Two gene mutations 34 (37.8%) 0 34 (35.8%)
Three/more gene mutations 4 (4.4%) 0 4 (4.2%)
Handedness
Right-handed 171 (93.5%) 100 (92.6%) 0.66821 272 (93.2%)
Not right-handed 12 (6.5%) 8 (7.4%) 20 (6.8%)
Family history of cancer
Strong family history 190 (16.8%) 71 (26.4%) 0.00341 261 (18.6%)
Intermediate family history 595 (52.6%) 123 (45.7%) 718 (51.3%)
Weak family history 152 (13.4%) 36 (13.4%) 188 (13.4%)
No family history of cancer 194 (17.2%) 39 (14.5%) 233 (16.6%)
Initial primary site
Breast 412 (27.8%) 212 (68.4%) 0.0000 624 (34.8%)
Lung 199 (13.4%) 22 (7.1%) 221 (12.3%)
Genitourinary 176 (11.9%) 9 (2.9%) 185 (10.3%)
Gastrointestinal 149 (10.1%) 8 (2.6%) 157 (8.8%)
Hematologic 114 (7.7%) 13 (4.2%) 127 (7.1%)
Gynecologic 106 (7.2%) 14 (4.5%) 120 (6.7%)
Lymphoma 105 (7.1%) 10 (3.2%) 115 (6.4%)
Head and neck 74 (5.0%) 4 (1.3%) 78 (4.4%)
Hepatobiliary 43 (2.9%) 7 (2.3%) 50 (2.8%)
Dermatologic 48 (3.2%) I (0.3%) 49 (2.7%)
Others 55 (3.7%) 10 (3.2%) 65 (3.6%)
Multiple primaries
Single primary 1,197 (80.8%) 282 (91.0%) 0.00002 1,479 (82.6%)
Multiple primaries 284 (19.2%) 28 (9.0%) 312 (17.4%)
Initial cancer stage
Stage 0/1/11 802 (54.2%) 198 (63.9%) 0.00173 1,000 (55.8%)
Stage Il/IV 679 (45.9%) 112 (36.1%) 791 (44.2%)
Tumor multicentricity
Unifocal 1,052 (77.3%) 212 (73.9%) 0.21182 1,264 (76.7%)
Multifocal 309 (22.7%) 75 (26.1%) 384 (23.3%)
Survival from diagnosis, years
Mean + SD 6.90 (£8.05) 4.94 (£5.59) 0.00004
Abbreviations: BMI, body mass index; SD, standard deviation.
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Figure | Survival of patients with single and multiple cancer primaries. Differences for all groups as well as differences between single and two primaries were highly
statistically significant (P=0.0000). However, there was no difference between two and three primaries (P=0.7441) or between three and four primaries (P=0.54408).

Hence the possibility of other genetic factors may contribute
to the development of multiple malignancies in the Caucasian
population.

Obesity has been linked with the occurrence of cancer in
the general population, particularly that of the breast, female

reproductive organs, and the gastrointestinal tract.?? Obesity
has also been reported to increase the risk of second primary
cancer, particularly endometrial and colon cancers.?”-* This
was not detected in the present study, with obesity being seen
more frequently in patients with single primaries than in those
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Figure 2 Survival of cancer patients with a single primary and multiple primaries versus matched controls.
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Figure 3 Survival of cancer patients with single, simultaneous, synchronous, and metachronous primaries. Differences between single primary and metachronous less than
5 years and between metachronous less than 5 years and metachronous more than 5 years were highly statistically significant (P=0.0000). However, there was no difference
between single primary versus simultaneous primaries and synchronous primaries (P=0.97947).

with multiple primaries. This lack of correlation may possibly
be due to the small number of patients studied.
Smoking-related second malignancies account for 35%
of the subsequent cancer cases observed in US cancer
survivors.”2 A consistent excess of primary smoking-related

cancers such as those of the oral cavity, pharynx, larynx,
lung, and bladder have been reported in patients previously
diagnosed with similar malignancies.? It has been reported
that interindividual variation in DNA repair capacity may lead
to increased predisposition to cancer.”” Abnormal mutagen
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Figure 4 Survival of patients with single and multiple primary invasive cancers. Differences between single and two primaries were highly statistically significant (P=0.0000).
However, there was no difference between two primaries and three or more primaries (P=0.70173).
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Figure 5 Survival of cancer patients with single, synchronous, and metachronous primaries seen between 2005 and 2012. The differences for all groups (P=0.00236) as well
as between single primary and metachronous primaries (P=0.00052) were statistically significant. However, there was no difference between single primary and synchronous
primaries (P=0.88344).

sensitivity found in studies that indirectly assessed DNA  higher risk of multiple primaries compared with nonsmokers,
repair capacity has been found in patients with head and  particularly for lung, colorectal, and prostate cancers.

neck, colorectal, and non-small-cell lung cancers, as well as in Women whose first primary is the breast account for 25%
patients with multiple primaries of similar malignancies.**In  of survivors with multiple cancers, followed by colorectal
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Figure 6 Survival of patients with single and multiple cancer primaries calculated from date of diagnosis of second primary for patients with multiple cancers.
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Figure 7 Survival of patients with single and metachronous primaries compared with a matched control group.

according to SEER data.? In the present study, the most
common initial primary among cancer survivors with mul-
tiple primaries for both men and women was breast, prostate,
and colorectal. Patients who initially presented with thyroid,
urinary bladder, prostate, cervical, and uterine cancers were
more liable to develop a second malignancy, while those with
hepatic, biliary tract, and pancreatic cancers as well as those
with acute leukemia rarely developed a second malignancy.
This may be related to the poor outcome in these patients, who
did not survive long enough to develop second primaries.

Patients with multiple primaries usually present initially
with tumors at lower stages than secondary primaries.?>'* In
the present study, initial index primaries were predominantly
at an earlier stage (78.8%), compared with second primaries
(47%). Considering all cancer patients, the risk of develop-
ing multiple primaries was much higher for those presenting
initially with stage 0 or stage I disease. This finding may be
also related to the shorter survival time of patients initially
presenting with advanced disease.

The etiologic role of cancer therapy in the development
of second malignancies has been described extensively by
others.** Second primaries following chemotherapy usually
arise within a few months to 9 years, while after radiation ther-
apy or hormonal treatment, chronic sequelae usually develop
after a longer latency period of 5-10 years.?> However, many
believe that a second primary may not be attributed solely to
prior treatment. It is most likely a combination of risk factors,

such as genetic predisposition, lifestyle, and environmental
influence, and could even be a behavioral effect.”*??

Family history is an important risk factor for multiple
primary neoplasms. Almost all cancer sites showed an excess
of familial clustering, and most of the evidence has been
based on excess of close relationship among cases related
to families of of 3 to 15 generations deep.* Practically all
types of hereditary cancers showed an excess of multiple
primaries as well as an early age of onset,?>2427:2831-33.36 [t hag
been suggested that abnormal genes or gene variants might
be responsible for the clustering observed with some tumors.
Multiple cancer predisposition genes have already been
identified in high-risk pedigrees such as BRCA 1, BRCA2, and
p16/CDKN2A4.%3% Individuals with hereditary nonpolyposis
colorectal cancer with multiple primaries have an increased
frequency of mismatch repair genes, such as AMSH?2 and
hMLH1, leading to microsatellite instability.>* Mutagen
sensitivity, found in studies that indirectly assessed DNA
repair capacity, tends to occur in patients with head and
neck, hereditary nonpolyposis colorectal, and non-small-cell
lung cancers.* In the present study, a strong family history
of cancer reflecting a close relationship between first-degree
relatives was statistically more common in patients with mul-
tiple primaries, especially those with three or more primaries,
and in those with metachronous primaries, highly suggestive
of inherited cancer predisposition gene mutations, especially
among Caucasian patients.
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Impact on survival

Survival of patients with multiple primaries varies widely in
the literature, depending on the method of calculation, pri-
mary tumor site, cancer stage, year of initial cancer diagnosis,
and time interval between index and second primaries.

Overall, patients with multiple primaries have a far better
survival rate compared with those having a single primary.>’
In the present analysis, a mean survival of 166 months versus
60 months was documented. In a study on oral and maxil-
lofacial cancers at different sites, the mean survival was
127 months for patients with multiple primaries compared
with 48 months for cases with a single primary (P=0.001).
However, when the survival of patients with the same cancer
site was compared, calculated from the date of their respective
primary diagnosis, there were no statistically significant dif-
ferences in survival between those who had one primary and
those who had more than one primary.®> Calculating survival
from the date of the second primary has been used in several
reports comparing multiple primaries with single ones, with
no differences in survival*’*® or an even worse prognosis for
patients with multiple primaries.>* In the present analysis,
using a similar method of calculation, the survival of patients
who developed second malignancies was relatively similar to
single primary. Thus, the improved survival of patients with
multiple primaries may be a reflection of different patient
populations having a dissimilar pattern of initial tumor sites
(predominantly favorable ones) and/or stages of disease
(mainly earlier ones), rather than tumor multiplicity.

As a rule, the more time that elapses between the first
primary malignancy and a second malignancy, the better
the prognosis.’ Most studies have shown that patients with
synchronous primaries have a poor prognosis compared
with those having metachronous primaries.>* In one study,
the 5-year survival rate was 18% compared with 55%,
respectively.’” In the present analysis, the 5-year survival
of patients with a single primary was 59%, compared with
those having simultaneous (61%), synchronous (59%), and
metachronous primaries (95%). Overall, patients initially pre-
senting with two primaries, either simultaneously or within
6 months of each other, have a similar survival to those with
a single primary, and the more time that elapses from the first
index primary to the second primary, the better the survival,
especially if the interval exceeds 5 years.

Survival of patients with multiple primaries also depends
on the site of the second primary. For breast cancer, the best
survival was noted for metachronous contralateral breast cancer
when the second cancer was diagnosed at least 5 years after the
original primary, with 5-year and 10-year survival rates of 100%

and 96%, respectively.’” For lung cancer as a second primary,
the 5-year survival for those with a metachronous primary
was 44% compared with 10% for those with a synchronous
primary.** With hepatocellular cancer, there were no significant
differences in survival, whether presenting as a single primary
or as a second primary following another malignancy,®® but
not as a synchronous primary concomitantly diagnosed with
another cancer, which carries the worst prognosis.*

Most reports on patients with multiple primaries include
patients at an earlier stage 0 (carcinoma in situ), while others
limit the study to invasive cancers (stage I and above).*! Inclu-
sion of stage 0 in survival analysis usually results in a favorable
survival outcome. In the present analysis, the improved sur-
vival of patients with multiple malignancies persists regardless
of whether or not stage 0 patients are included.

Most studies on multiple primaries report on patients
seen at certain intervals based on the year of initial cancer
diagnosis, while others report on groups of patients seen at a
specific period of time, irrespective of the date of initial cancer
diagnosis. The latter method has a risk of bias, by including
patients with favorable cancers who live long enough to be
included in the analysis. The present analysis included all
consecutive patients seen during a specific period, irrespective
of the date of initial cancer diagnosis. However, analysis of
patients initially diagnosed between 2005 and 2012 confirmed
the same findings, ie, improved survival for cases with mul-
tiple primaries, and especially for metachronous ones.

Study limitations
This study, being a retrospective analysis of a limited
number of patients, has several limitations. It explores
outcomes in a heterogeneous group of patients at dif-
ferent stages of malignancy who have received various
types of therapies. The reported incidence of multiple
primaries may be underestimated because the duration
of follow-up for some patients was relatively short, and
a longer follow-up, logically, will reveal development of
more second primaries. Further, exclusion of patients with
skin cancers as well as those with carcinoma in situ of the
uterine cervix may also have underestimated the overall
incidence of multiple neoplasms. In addition, considering
the variation seen in the incidence of multiple primaries
between patients of different ethnic background, our find-
ings may not necessarily be applicable to other populations
of different ethnic composition. Consequently, unexpected
bias may exist.

However, the study does have significance despite these
limitations. Its main strength is the inclusion of all patients
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seen and followed closely in a single-practice, real-world situ-
ation that provides a representative picture of cancer patients
in general. It defines the relative incidence and subtypes of
multiple primaries among cancer patients of various ethnic
groups as well as their impact on survival. It showed rela-
tively consistent results, whether cancer was inclusive of all
subtypes or limited to a certain stage of disease, and whether
the study population was initially diagnosed over several
decades or limited to a defined period of time.

Conclusion

In conclusion, patients with multiple primaries are usually
of Caucasian ancestry, have less aggressive malignancies,
present at earlier stages of disease, and frequently have a
strong family history of similar malignancies. They tend
to have cancers with indolent clinical behavior and longer
overall survival, especially in those developing second
malignancies more than 5 years after the initial primary
diagnosis. For patients with three or more primaries, their
survival has been similar to the projected life expectancy of
the age-matched and sex matched normal population, even
though they were treated less aggressively. The development
of multiple primaries may possibly be related to genetic
disorders of known or an unidentified nature. The higher
frequency of cancer predisposition genes in Caucasians may
well explain this increased frequency of multiple primaries.
The possibility of multiple primary malignancies should
always be considered during the treatment and follow-up of
cancer patients, especially those of Caucasian ancestry and
those having a strong family history of cancer. Due to the
potential for long-term survival, more aggressive treatment
may be warranted. For elderly and relatively asymptomatic
cases having more than three primaries, a less aggressive
approach to therapy may be adequate.
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