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Abstract

Background: The etiology of second cancer is complex
and multifactorial, with the variable burden of second malig-
nancy is carried by different types of primary cancers.

Aimof Sudy: In the current study, we evaluated the
incidence of second cancers among cancer survivors during
the last 3 years following the outbreak of COVID-19 in three
cancer treatment centers of Assiut governorate; clinical on-
cology department, Assiut Health insurance and south Egypt
cancer institute, also their clinicopathologic characteristics
and treatment outcomes based on patients records.

Patients and Methods: We recruited all cases presented
to the pre-mentioned centers during the period from the start
of 2019 to the end of 2021 with confirmed diagnosis of primary
and second new cancers.

Results: We collected ninety-five cases of second malig-
nancies who were still under treatment of their primary tumors,
or just under scheduled follow up after finishing their treat-
ments, they had arange of age from 3-86 years. 21.1 % had
synchronous and 78.9% had metachronous tumors, the median
duration for medical treatments of primary tumors was 12
months, no significant differences in age and sex pattern
between synchronous and metachronous, 53.7%, and 46.3%
had second hematol ogic and solid tumors respectively, most
hematol ogic second tumors developed earlier than solid ones
(p=0.023), there was a female prominence for both primary
and second malignant tumors (p=0.01 & <0.001 respectively),
the overall control rate for second malignant tumors was
78.8%, and the death rate was 34.7%.

Conclusion: Generally, second malignant tumors were
not uncommon, their detection had recently increased because
of great success in the treatment of primary tumors with
prolonged survival and progress in diagnostic and staging
modalities. Careful timely surveillance of cancer patientsis
required especially those who survived COVID-19.
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Introduction

CANCER'S prominence as a cause of death is
rising and reflecting a progressive decline in mor-
tality rates of other causes such as coronary vascular
diseases, strokes, and chronic renal failure; also
the prognosis of cancer has improved dramatically
in the last decades because of great success that
has been done in screening programs with early
detection of cancers, treatments especially with
immunotherapy, and supportive care [1] . Prolonged
survival particularly in childhood cancers and aging
of population may contribute to appearance of
second cancers; approximately onein every six
cancers diagnosed among cancer survivorsin the
United States represent aleading cause of death
in these survivors [2].

The etiology of a second cancer is complex and
multifactorial, with the variable burden of second
malignancy carried by different types of primary
cancers. For childhood cancers, genetic predispo-
sition and treatment effects play an essential role
in the development of second malignancy, while
for adult ones, environmental factors and lifestyles
that accumulate over time may result in second
cancer development [3].

Suzuki et a. [4] classified double malignancies
according to the time interval between both diag-
noses into synchronous if second malignancies
developed simultaneously or within six months of
primary malignancies, and metachronous if they
developed more than six months apart.

In arecent study, after 30 years of surveillance
following the primary diagnosis of cancer in pedi-
atrics, the overall cumulative incidence of second
malignancy was 20.5% (95% CI 19.1%-21.8%),
with a cumulative incidence for invasive cancers
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was 7.9% (7.2%-8.5%), while 9.1% (8.1%-10.1%)
for NMSC, and 3.1% (2.5%-3.8%) for meningioma
[5]. For adult cancers, the cumulative incidence of
second malignancy at 30 years from breast cancer
diagnosis was 21.2% (21.0%-21.4%), 17.8%
(17.6%-18.1%) for survivors of colon cancer, and
27.1% (26.7%-27.4%) for survivors of bladder
cancer [6].

Extreme pro-inflammatory cytokine release
with subsequent organ failure together with im-
paired immune response, elevated growth factors
and chemokines were the hallmark of COVID-19.
However, these mechanisms were implicated in
tumorigenesis and cancer progression. Furthermore,
antigenic stimulation caused by damage-associated
molecular pattern and pathogen-associated mol ec-
ular pattern [7] were similar in both COVID-19
and cancer [g], so in the current study, we evaluated
the incidence of second cancers among cancer
survivors during the last three years following the
outbreak of COVID-19 in three cancer treatment
centers of Assiut governorate, also their clinico-
pathologic characteristics and treatment outcomes
based on patients' records.

Patients and M ethods

It was an observational study conducted in
Clinical Oncology department, South Egypt Cancer
Institute, and Oncology Department of Assiut health
insurance. It was approved by the Ethical Commit-
tee of Assiut University (IRB=04-2023-300099),
we recruited all cases with confirmed diagnosis of
primary and second new cancers, presented to the
pre-mentioned centers during the period from the
start of 2019 to the end of 2021.

Data collection:

Covariates of interest for this study included:
Demographic characteristics, family history, cancer
characteristics, the time elapsed before the devel-
opment of second cancers, previous treatments of
primary cancers especially exposure to chemother-
apy and radiotherapy, new treatments for second
cancers, overall response to treatments, genetic
profileif available, and death rates as collected
from patients filesin these centers. Data regarding
their exposure to COVID-19 infection were deter-
mined from their records whether they were de-
tected to have positive PCR, positive chest CT
findings of COVID-19, or gave a positive history
of contact to COVID infected patients.

We excluded multicentric tumors and tumors
of the same histology which affected multiple
organs or tissues at the same time from being
multiple primary cancers; however, multiple can-
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cers of different histology developed in the same
organ, were considered multiple primary cancers

Data regarding medical treatments such as
chemotherapy regimens, tyrosine kinase inhibitors
(TKls), and hormonal therapies were included,
patients with other therapies in the results included
those with radiofrequency ablation, and trans-
arterial chemoembolization.

Satistics:

All data were analyzed using IBM-SPSS ver.
26, descriptive stats and inferential stats were
utilized in the form of number, percentages, mean,
standard error, median. Using Kolmogorov-
Smirnov test, both age and duration of medical
treatments were not normally distributed ( p=0.004
and <0.000 respectively), for association between
categorical variables, Ch < with continuity correction
and Fisher's exact tests were used, for association
between scale and categorical variables, Mann
Whitney U-test was used, data were considered
significant at p-value <0.05.

Results

During the period from January 2019 to De-
cember 2021, we collected 95 cases of second
malignancies who were still under treatment for
their primary tumors, or just under scheduled
follow-up after finishing their treatments, they had
arange of age from 3-86 years including 19 pedi-
atric cases (Fig. 1), 31 cases were above the age
of sixty, and the remaining cases were in between,
their characteristics were gathered from their hos-
pital records which were unfortunately defective,
especialy in their family history and the associated
comorbidities, Table (1).
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Fig. (1): Distribution of sex according to age groupsin ninety-
five patients.
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Table (1): Demographic characteristics of ninety-five patients.

Demographics Descriptive
Age 43.7£2.2
3-86 years
49 years
Sex (male/female) 36/59
Family history (%):
Positive 17 (17.9%)
Negative 32 (33.7%)
Unknown 46 (48.4%)
Degree of relatives (%):
First degree relative 13 (13.7%)
Second degree and higher 1(1.1%)
Both first and higher degree 3(3.2%)
Associated comorbidities (%):
Unknown 51 (53.7%)
No comorbidities 19 (29%)
One comorbidity 5 (5.3%)
>One comorbidities 20 (21.1%)

Data analyzed as number, percentages, mean + SE, median.
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Twenty patients (21.1%) had synchronous pri-
mary and second malignancies which developed
simultaneously or at 6-month time intervals, while
metachronous primaries were detected in seventy-
five patients (78.9%), (Fig. 2). The median age for
the synchronous group was slightly larger than
that of the metachronous group but without signif-
icant difference (55 year vs. 49 years, p=0.3), also
second primaries had a predilection for female
compared to male (59 vs. 36) especially for hema-
tologic cancers (45 females vs. 30 males) without
significant differences (p=0.4).

Fifty-six patients (58.9%) had solid primaries,
of them breast cancers had the lion's share (21
patients), furthermore, forty-four patients had non-
metastatic solid cancers and 12 patients had meta-
static diseases at the time of presentation (Fig. 3),
while the remaining 39 patients (41.1 %) had he-
matol ogic cancers with chronic leukemias and
NHL represented the main types, Table (2).
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Fig. (2): Distribution of synchronous and metachronous malignancies according to date of diagnosis.
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Fig. (3): Stages of solid malignancies.

Table (2): Types of primary tumors.

Hematologic

malignancies N (%)  Solid malignancies N (%)
NHL 12 (12.6) Neurogenic tumors 9(9.5)
HD 6(6.3) Breast carcinoma 21(22.1)
Chronic leukemias 18 (18.9) Prostatic carcinoma 332
Acute leukemias 1 (1.1) Ovarian carcinoma 2(21)
Multiple myeloma 2 (2.1) Colonic carcinoma 5(5.3

Squamous cell carcinoma 3 (3.2)

of head & neck

Others 13(13.7)

Total 39(41.1) Total 56 (58.9)

Data expressed as number and %.
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As expected, chemotherapy and TKI were the
only modes of treatment for hematologic malig-
nancies, and combined treatments were the main
approach for solid tumors, (Figs. 4,5). The mean
duration for medical treatment was 26.7 £3.3 months
(95% Cl1=20.1-33.4 months) and the median was
12 months as figured below (Fig. 6).
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Fig. (6): Duration of medical treatment used for primary
cancers.

Sixty-seven (70.5%) patients achieved a com-
plete response to treatment of their primary malig-
nancies, while 15 (15.8%), 7 (7.4%), and 6 (6.3%)
of patients achieved partial response, stable disease,
and disease progression respectively.

Second hematol ogic malignancies represented
53.7% (51 patients), and second solid cancers were
detected in 46.3% (44 patients), of them 28 patients
were non-metastatic while 16 patients had meta-
static second solid cancers, contrary to what were
expected, the overall control rate was high (76.8%)
which was reflected lower death rate (34.7%),
Table (3).

Table (3): Characteristic of second cancers.

Second malignancies N (%)
Hematologic 51 (53.7)
NHL 1(1.2)
HD 1(1.2)
MDS 21(22.1)
Chronic leukemia 6 (6.3)
Acute leukemia 22(23.2)
Solid malignancies 44 (46.3)
Breast cancer 9(9.5)
Colorectal cancers 7(7.4)
Gynecologic cancers 6(6.3)
Hepatobiliary cancers 7(7.4)
Thyroid cancers 332
RCC 3(3.2)
Others 9(9.5)
Sage of second solid cancers:

Non-metastatic 28 (29.5)

Metastatic 16 (16.8)
Overall response to treatment:

Controlled 73 (76.8)

Progressive 22(23.2)
Median interval between primaries 22 months
Range 7-300 months
Fate of patients:

Dead 33(34.7)

Alive 62 (65.3)

Data expressed as number and percentage.
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The distributions of sex between hematologic
and solid cancers for both primary and second
malignancies were significantly different as dem-
onstrated in Table (4).

Table (4): Distribution of sex among primary and second

1033

Table (5): Differences in timing between hematol ogic and

solid cancers.
Timing Hematol ogic cancers=49 Solid cancers=46
Metachronous 45 (91.8%) 30 (65.2%)
Synchronous 4 (8.2%) 16 (34.8%)
p-value 0.002

cancers.
Type Male Female p-value
Primary cancers:
Hematologic 21 (58.3%) 18 (30.5%) 0.01
Solid 15 (41.7%) 41 (69.5%)
Second cancers:
Hematologic 29 (80.6%) 20 (33.9%) <0.001
Solid 7 (19.4%) 39 (66.1%)

Data expressed as number, & %, and analyzed by Fisher's exact test.

Most second hematol ogic malignancies devel -
oped early within five years from primary malig-
nancies then declined progressively as time passed,
while most second solid malignancies devel oped
more than one year after the development of pri-
mary ones and increased later on because they
were mainly metachronous tumors (LR=9.5,
p=0.023), (Fig. 7).
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Fig. (7): Type of second malignancies developed related to
timeinterval.

There was a significant differencein the timing
of second malignancies, most synchronous tumors
were solid ones while most metachronous tumors
were hematologic tumors, p=0.002, Table (5).

Data as numbers and percentages, analyzed by Fisher's exact test.

The mean duration of medical treatments used
for primary cancers was significantly longer before
the devel opment of second solid cancers compared
to that of second hematologic malignancies
(32.03+4.5 months vs. 22.9+4.7 months, p=0.005),

(Fig. 8).
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Fig. (8): Differencesin the duration of medical treatments
between hematologic and solid malignancies, Mann
Whitney test, p=0.005.

In addition, we found no significant differences
in the metastatic or non-metastatic stages between
primary and second solid malignancies, p=0.3,
Table (6). Furthermore, no significant differences
in the overall control rate among al primary
malignancies and second malignancies, p=0.9

(Fig. 9).

Table (6): Differences in stages between primary and second
malignant tumors.

Solid tumors Metastatic Non-metastatic
Primary (%) 12 (21.4%) 44 (78.6%)
Second (%) 16 (36.4%) 28 (63.6%)
p-vaue 0.3

2
- Data expressed as number and % and analyzed by Chi  test with
continuity correction.
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Discussion

A long time ago, Warren and Gates had put
criteria defining double primary malignancies
which were refined later on, including the presence
of histologic confirmation of both primary malig-
nancies and there should be at least 2cm or more
of normal mucosa in between, and if they werein
the same location, they should be separated by at
least 5-year timeintervals, both of these definitions
were considered after prompt exclusion of being
remote metastases [9-11] .

Regarding our results, we detected significant
differences in the number of synchronous and
metachronous states concerning second primary
cancers, also in the duration of medical treatments
of primary cancers that could be accused of the
development of second primaries between hema-
tologic and solid malignancies, moreover, most
hematol ogic second primaries devel oped earlier
than solid cancers. On the other side, we did not
find any significant differences regarding the me-
dian ages, the stages, and the response rates between
primary and second cancers.

In a Chinese observational study [12] involving
15,683 patients with cancers, 161 (1%) had multiple
primary cancers, of these, 48.4% had synchronous
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tumors and 51.6% had metachronous tumors with
amedian age for the former 64 years, and for the
later was 57 years, also the median time interval
between metachronous tumors was 60 months, our
results deviated from the previous study where
synchronous tumors represented 21.1% and 78.9%
for metachronous tumors, the median age for syn-
chronous and metachronous were 55 and 49 years
respectively, and a much lower median time interval
of 22 months was detected.

The distribution of synchronous second tumors
varied between previous studies from 30%-55%
[12-14] , the current results did not match with the
previous studies where we reported 2 1. 1 % of pa-
tients had synchronous tumors, and 78.9% had
metachronous tumors that could be attributed to
different population characteristics, and different
hospital registries of cancers.

The current results demonstrated a significant
female predominance for both primary and second
cancers, afinding that was comparable to Bagri et
al., [15] but inconsistent with other reports [12,16,17]
and could be explained by the high frequency of
breast cancers. Patients who were still under treat-
ment or close follow had second malignancies that
were detected early and in the curable stage, this
was why hematol ogic malignancies were discov-
ered earlier than solid ones also these results were
in alignment with Bagri et al.

Although the risk of second primary cancer is
rising, however the responsible mechanisms for
development are not fully explained, genetic sus-
ceptibility and exposure to DNA damaging agents
such as radio/chemotherapy have been largely
proposed, also exposure to common risk factors
like tobacco smoking, and acohol consumptionis
responsible for field carcinogenesis with increased
risk for second primaries. Patients with cancer are
considered at high risk for infectious diseases
particularly COVID-19 with noted similar mani-
festations between SARS-CoV-2 and cancer, espe-
cialy cytokine storm [18], in addition, type | inter-
feron responses are pivotal for immunogenic
responses against cancer and infectious diseases
with subsequent immunosuppression that occurs
in both cancers and COVID-19 [19], so theclinical
relevance between primary cancers and COVID-
19 infection commonly depends on cytokine storm,
INF-1, androgen receptors, and immune checkpoint
signaling disturbances that could be attributed to
the development of second malignancies.

All our study patients had a history of COVID-
19 infection as defined in their medical records by
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either positive PCR, chest CT findings characteristic
for COVID-19, or contact with an infected relative
before the discovery of second tumors, we proposed
that immunogenic crosstalk between primary can-
cersand COVID-19 infection had occurred to result
in second primaries. Furthermore, the low compli-
ance of patientsfor follow-up, and the tendency
to neglect new symptoms or be misdiagnosed as
late effects of previous primary therapies could
partially explain the advanced stages for both
primary and second cancers.

Collectively, we tried to emphasize that metic-
ulous screening of patients with cancer is required
especialy in the era of an infectious viral outbreaks
to improve the outcomes among patients who will
develop second tumors, not only those who have
afamily history or risk factors for second tumors
but also the risk of second tumors should not be
underestimated among survivors of primary tumors.
Furthermore, comprehensive analysis of second
tumors requires observation of a considerable
number of patients from multiple centers and hos-
pitalsin Egypt for more than 10 years considering
variable genetic, environmental, and personal risk
factors.

Conclusion:

Our study revealed that 21.1% and 78.9% of
patients had synchronous and metachronous tumors,
most synchronous tumors were solid and most
metachronous tumors were hematologic, female
patients were significantly associated with multiple
primary malignant tumors compared to males, and
the duration of medical treatments had a significant
impact on the type of second tumors, generally,
second malignant tumors was not uncommon, their
detection had recently increased because of great
success in the treatment of primary tumors with
prolonged survival and progressin diagnostic and
staging modalities. Careful timely surveillance of
cancer patientsis mandatory especially those who
survived COVID-19.
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