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ABSTRACT
Objective: This study investigated the impact of marital status on cancer-caused
specific mortality among acute myeloid leukemia (AML) patients in the United States.
Methods: We used the Surveillance, Epidemiology and End Results program to identify
50,825 patients who had their clinical and follow-up information available and were
diagnosed for AML between the years 1988 and 2015. The univariate and multivariable
Cox regression models were used to analyze the patient data, and to minimize the
group differences due to covariates between groups, a 1:1 propensity score matching
was used in subsequent subgroup analysis. Results: Our study demonstrated that
married patients were less likely to die due to AML after adjusting for demographic and
clinicopathological variables, than patients with variable unmarried status. Further
analysis indicated that widowed, divorced and never married status correlated with
poor cancer-cause specific survival than being married in almost all subgroups after
being adjusted for the aforementioned variables (P<0.05). However, the difference
between married and separated was not apparent. Moreover, similar survival analysis
results were also observed in the 1:1 matched subgroups of marital status, but
they displayed varied prognostic factors between them. The association of survival
benefit with marriage in AML was consistent with the published survival benefit of
conventional therapeutic approaches. Conclusion: Overall, our study concluded that
unmarried AML patients were at greater risk of cancer-specific mortality than married,
and thus indicated that physicians should focus on health care strategies that target
social support, in order to reduce the cancer-specific mortality in unmarried patients.

INTRODUCTION

than acute lymphoblastic leukemia, and its incidence
gradually increases with age and rate is about 16.2 cases
per 100,000 individuals with age over 65 year. The
underlying mechanism of AML is still unknown, and the
only significant therapeutic advantage achieved in the

Among the hematological malignancies, humans
usually display high frequency of acute leukemia. In
adults, acute myeloid leukemia (AML) is more common
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last decade has been the long-term cure of patients with
acute promyelocytic leukemia (APL) while invasion is
absence in advance of non-APL. Currently, the 5-year
overall survival rate is between 0 to 40%, and complete
remission rate is ≥80% in younger patients, while it is
disappointingly very low in older patients [1].
The social support among the many factors actually
exerts a significant effect on the clinical outcome,
especially in patients with malignant diseases [2, 3].
It is well known that marital status has been the most
important social support, which also associates with a
variety of other important social factors [4]. Married
patients generally show better recovery from a single
malignancy, as they seem to receive more social support,
including practical support and financial resources.
Some studies have demonstrated that marital status is an
independent prognostic factor in multiple cancers [5-8],
and the survival benefits due to marriage has been greater
than the published survival benefits from chemotherapy in
several cancers [9-12]. In addition, marital status linkage
with delayed diagnosis, lack of treatment and social
support, leads to poor survival [5, 13, 14]. There has been
conflicting studies about the effect of marriage on acute
leukemia. For instance, the study by Borate et. al. showed
that single (never married) and divorce status were poor
prognostic factors for survival in younger AML patients
[15]. However, on the contrary, the study by Fintel et. al.
[16] reported that marriage did not have any influence
on the survival outcome in adolescent and young adults
with AML, thereby suggesting that social issues like
marital status were less important than disease-specific
therapies. Thus, we believe that a better understanding of
the impact of marital status on AML would lead to better
understanding of the importance of social mechanisms
in the management of this malignancy and can help to
establish a more holistic approach to improve patient
outcomes. Hence, we in this study have tried to explore
the underlying mechanisms of the correlation between
marital status and the survival of younger and elderly
AML patients.

the National Center for Health Statistics [17]. The National
Cancer Institute’s SEER*Stat software (Surveillance
Research Program, National Cancer Institute SEER*Stat
software, www.seer.cancer.gov/seerstat) (Version 8.3.2)
was used to collect all the necessary information.

Inclusion criteria
To identify appropriate patients for this study, the
following inclusion criteria was used: a) Patients should
be diagnosed with AML (International Classification of
Diseases for Oncology, Third Edition [ICD-O-3], codes
9840/3, 9861/3, 9865/3, 9866/3, 9867/3, 9869/3, 9871/3,
9872/3, 9873/3, 9874/3, 9895/3, 9896/3, 9897/3, 9898/3,
9910/3, 9911/3, 9920/3), between the year 1988 and 2013,
and were aged 16 or older at the time of diagnosis. AML,
NOS; refered to acute myeloid leukemia with FAB or
WHO type, not otherwise specified, included acute nonlymphocytic leukemia, acute granulocytic leukemia,
acute myelogenous leukemia and acute myelocytic
leukemia according to ICD-O-3. b) Patients who had been
histologically confirmed, diagnosed and were actively
followed up. However, the patients were excluded if they
were younger than 16 years; had insufficient or unknown
clinicopathologic-profile; had unknown marital status,
cause of death or survival information. Finally, 50825
patients were included for analysis in our study.

Study variables
The following variables were extracted from the
SEER database, including marital status, sex, race, age
at diagnosis, AML subtype, cause-specific survival
(CSS), and adjuvant therapy. Marital status at diagnosis
referred to “the status at diagnosis” when not otherwise
specified (NOS), and was categorized as married,
divorced, widowed, separated and single (never married),
and also categorized as a binary variable into married
and unmarried (including single, divorced or separated,
and widowed groups) in matched case-control analysis.
Race was classified into African American, non-Hispanic
white, and others (American Indian/AK Native, Asian/
Pacific Islander) as provided by the SEER database. Age at
diagnosis was divided into different groups: 16 to 35 year,
36 to 55 year, 56 to 75 year, 76 to 95 year, and 96 year
or over. Data of AML subtype were all coded according
to ICD-O-3. Age at the diagnosis and AML subtype were
categorized as a binary variable into 16 to 55 year vs. 56
year or over and AML, NOS vs. others in matched casecontrol analysis. Adjuvant therapy was categorized as
none radiotherapy, beam radiation or radioisotopes, and
radiotherapy unknown.

MATERIALS AND METHODS
Data source
This study used Surveillance, Epidemiology, and
End Results (SEER) database released in November 2015
as a data source. It included data from 18 population-based
registries from 1973 to 2013 and covers approximately
30% of the US population. The SEER program registries
routinely collected data on patient demographics, primary
tumor site, tumor morphology and stage at diagnosis, first
course of treatment, and follow-up for vital status. The
mortality data reported by SEER were updated annually by
www.impactjournals.com/oncotarget
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Outcome measurement

with a nearest-neighbor algorithm, allowing a maximum
tolerated difference between propensity scores of no larger
than 0.1 of the propensity score standard deviation [18].
Group differences were estimated by cross table chi-square
test. The log-rank test (Kaplan-Meier curve) was applied
to estimate median cancer-CSS between matched groups.
For this study, data points about sex, race, AML subtype,
age at diagnosis and adjuvant therapy were included in
propensity matching. The respective matching ratios of
1:1 were selected to maximize the number of matched
pairs without exceeding the maximum tolerated difference
between matched propensity scores. All statistical analyses
were performed using the Statistical Package for the Social
Sciences (SPSS) software version 22 (SPSS Inc., Chicago,
IL, USA). The P value of < 0.05 represented statistically
significant difference.

Previous studies have reported about overall
survival (OS), while cancer-caused specific survival
(CSS) was neglected. CSS usually provides more accurate
information than OS about the death caused by primary
cancer. Thus, we in our study only focussed on CSS as
the primary outcome, and it was defined from the date
of diagnosis to the date of cancer-specific death and
was shown as “SEER cause-specific survival”. Deaths
attributed to AML were treated as events. Patients who
died from other causes or were still alive at the time of
the last follow-up were treated as censored observations.

Statistical analysis

RESULTS

Clinicopathological baseline characteristics were
compared with Pearson chi-square test for categorical
data. CSS rate was calculated by Kaplan-Meier curve,
and compared by log-rank (Mantel-Cox) test. Univariate
and multivariate Cox proportional hazard models were
built to determine survival outcome and risk factors. To
minimize the group differences on covariates between
patients who were married, unmarried or never married, a
1:1 propensity score matching was used. Propensity scores
were calculated with logistic regression, with multiple
imputation and backward elimination with a significance
level of 0.05. Matching on the propensity scores was done

Demographic and clinicopathological baseline
characteristics
Based on the inclusion criteria, a total of 50,825
eligible patients were identified, including 27,510 male
and 23,315 female patients. Among these, 30,006 were
married, 8,515 were widowed, 7,927 never married, 3,936
divorced and 441 were separated. Significant differences

Figure 1: Survival curves of AML patients based on their marital status. χ2 = 2097.9.
www.impactjournals.com/oncotarget
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Table 1: Characteristics of AML patients based on marital status (n=50825) a

Abbreviation: NOS, no other specific; SEER, Surveillance, Epidemiology and End Results; AML, acute myeloid leukemia.
a
Data represented number of patients.
b
P value of the Chi-square test or Wilcoxon-Mann-Whitney test refers to comparison for the differences in proportions among
subgroups.
in demographic and clinicopathological characteristics,
including sex, race, age at diagnosis, AML subtype,
adjuvant therapy and cause of death were observed in
patients from marital status groups. Especially, married
and never married patients were more likely to be males
compared in other groups. Also the married patients had
a better chance to be in age groups of 36-55, 56-75, and
76-95, while patients in younger age group of 16-35, were
predominantly never married. Most of the patients were
whites. In addition, patients of all marital status groups
were mostly diagnosed for AML, NOS and experienced no
www.impactjournals.com/oncotarget

radiotherapy, and died due to AML. The demographic and
clinicopathological characteristics of AML patients with
different marital status have been summarized in Table 1.

Effect of marital status and other variables on
cancer-caused specific survival
The univariate analysis showed that never married
group AML patients had better cancer-CSS than married,
widowed, divorced and separated patients. The median
62669
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Table 2: Univariate and multivariate survival analysis of AML patients from SEER database

Abbreviation: CSS, cancer-specific death; HR, hazard ratio; CI, confidence interval; AML, acute myeloid leukemia; NOS, no
other specific; SEER, Surveillance, Epidemiology and End Results
cancer-CSS in this group was 22 months, while it was
13 months in married group, 14 months in separated
group, 4 months in widowed group and 12 months in
divorced group patients. This difference was statistically
significant according to the univariate log-rank test (P <
0.001) (Figure. 1). In addition, among the demographic
and clinicopathological variables, sex, age, race, AML
subtype, adjuvant therapy, and marital status were
www.impactjournals.com/oncotarget

identified as independent factors for predicting CSS based
on univariate analysis (Table 2). However, multivariate
analysis with Cox regression model indicated sex (male,
HR 1.085, 95%CI: 1.058-1.111, P < 0.001), age ( > 55
years, HR 2.352, 95%CI: 2.283-2.423, P < 0.001), AML
subtype (others, HR 0.727, 95%CI: 0.709-0.745, P <
0.001), adjuvant therapy (radiation, HR 0.751, 95%CI:
0.704-0.800, P < 0.001), and marital status (married, HR
62670
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Subgroup analysis of the marital status effect on
cancer-CSS based on sex, age, AML subtype and
adjuvant therapy

0.802, 95%CI: 0.782-0.822, P < 0.001) as independent
prognostic factors. In addition, further multivariate
analysis based on subgroups like age, AML subtype
and marital status, again validated these independent
prognostic factors. For example, age, 36-55 years (HR
1.426, 95%CI: 1.342-1.508, P < 0.001); age, 56-75 years
(HR 2.331, 95%CI: 2.205-2.464, P < 0.001); age, 7695 years (HR 3.899, 95%CI: 3.677-4.134, P < 0.001);
age, > 95 years (HR 5.603, 95%CI: 4.665-6.730, P <
0.001); diagnosed as acute promyelocytic leukemia
(HR 0.375, 95%CI: 0.352-0.399, P < 0.001); diagnosed
as acute myelomonocytic leukemia (HR 1.056, 95%CI:
1.015-1.097, P = 0.006); diagnosed as AML with CBFB/
MYH11 fusion gene (HR 0.465, 95%CI: 0.398-0.542, P
< 0.001); diagnosed as AML with RUNX1/RUNX1T1
fusion gene (HR 0.607, 95%CI: 0.536-0.687, P < 0.001);
diagnosed as AML with MLLT3/MLL fusion gene (HR
0.820, 95%CI: 0.690-0.975, P = 0.025); diagnosed as
AML without maturation (HR 0.913, 95%CI: 0.8590.970, P = 0.003); diagnosed as AML with maturation
(HR 0.854, 95%CI: 0.807-0.903, P < 0.001); diagnosed
as AML with myelodysplasia-related changes (HR 0.716,
95%CI: 0.679-0.756, P < 0.001); diagnosed as acute
erythroid leukemia (HR 0.901, 95%CI: 0.822-0.987, P
= 0.026); diagnosed as acute megakaryoblastic leukemia
(HR 1.216, 95%CI: 1.055-1.402, P = 0.007); diagnosed
as therapy-related myeloid neoplasm (HR 0.055 95%CI:
0.038-0.078, P = 0.007); and marital status (widowed, HR
1.312, 95%CI: 1.267-1.357, P < 0.001; never married, HR
1.167, 95%CI: 1.125-1.21, P < 0.001; divorced, HR 1.148,
95%CI: 1.098-1.201, P < 0.001 and separated, HR 1.145,
95%CI: 1.006-1.304, P = 0.041).

Our study has identified multiple variables
including, sex, age, AML subtype and adjuvant therapy as
risk factors for AML mortality, based on Cox proportional
hazard regression model analysis. This observation
has also been verified independently by other studies
[19-21]. Thus, subsequently we stratified patients from
different marital status into subgroups based on these
variables and studied their effect on cancer-CSS. Our
analysis revealed that patients from widowed and never
married groups correlated with poor CSS, in comparison
to married group, after all these patients were adjusted
for the aforementioned variables (P < 0.05). In addition,
divorced group patients also displayed increased risk for
cancer-caused specific mortality, in comparison to married
group patients, after adjustment for all variables except in
radiation subgroup (HR 1.134, 95% CI: 0.898-1.430, P
= 0.291). However, the difference between married and
separated group patients was not apparent in the majority
of the subgroups (Table 3).

Analysis of cancer-caused specific survival
between matched groups
Based on the demographic and clinicopathological
variables, propensity scores for unmarried, never married,
widowed and divorced patient groups were estimated.

Figure 2: Kaplan-Meier survival curves: The cancer-caused specific survival of unmarried and married groups of
matched and unmatched AML patients. A. matched group, χ2 = 295.5; B. unmatched group, χ2 = 128.1.
www.impactjournals.com/oncotarget
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Table 3: Univariate and multivariate CSS analysis, based on sex, age, AML subtype and adjuvant therapy, of AML
patients with different marital status

Abbreviation: CSS, cancer-specific death; HR, hazard ratio; CI, confidence interval; AML, acute myeloid leukemia; NOS,
no other specific;

www.impactjournals.com/oncotarget
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Table 4: Baseline characteristics of unmarried and married AML patients, before and after propensity matching

Abbreviation: AML, acute myeloid leukemia; NOS, no other specific.
Next, the patients were independently matched based on
their propensity scores with the married group patients.
For instance, the 1:1 matching between unmarried and
married group patients resulted in 18,345 matched pairs
and a sample size of 36,691 patients. Similarly, the
matching between never married and married patients
resulted in, 7,697 matched pairs. All the group differences

in both these matched datasets did not reach the
statistically significance (P > 0.05), thereby, representing
negligible differences across AML subtypes and all
other demographic and treatment variables (Table 4, 5).
However, in case of matching of patients from widowed
group with married patients, race and adjuvant therapy
were categorized as a binary variables to minimize the

Figure 3: Kaplan-Meier survival curves: The cancer-caused specific survival of never married and married groups of
matched and unmatched AML patients. A. matched group, χ2 = 639.6; B. unmatched group, χ2 = 191.4.
www.impactjournals.com/oncotarget
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Table 5: Baseline characteristics of never married and married AML patients, before and after propensity matching

Abbreviation: AML, acute myeloid leukemia; NOS, no other specific.
group difference, and this led to 8,495 matched pairs
without group differences except race variable. Finally,
the survival analysis was also performed for this matched
dataset (Table 6). Importantly, the matching of divorced
group with married group could not be done due to
the absence of matched dataset across most variables
(Appendix Tables 1), and thus no further survival analyses
were performed.

The Kaplan-Meier curve based estimation of cancercaused specific survival for the unmatched and matched
marital status groups, was performed as shown in Figure
2, 3 & 4. The survival analysis between unmatched
unmarried and married group patients showed a median
CSS of 10 months (95% CI: 9.6-10.4) in the unmarried
group, while 13 months (95% CI: 12.5-13.5) in the married
group patients (P < 0.001). A similar analysis between

Figure 4: Kaplan-Meier survival curves: The cancer-caused specific survival of widowed and married groups of
matched and unmatched AML patients. A. matched group, χ2 = 891.4; B. unmatched group, χ2 = 1565.2.
www.impactjournals.com/oncotarget
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Table 6: Baseline characteristics of widowed and married AML patients, before and after propensity matching

Abbreviation: AML, acute myeloid leukemia; NOS, no other specific.
Table 7: Hazard ratios of CSS predictors in AML patients with different marital status, based on multivariate analysis
(matched and unmatched complete datasets)

Abbreviation: CSS, cancer-specific death; HR, hazard ratio; CI, confidence interval; AML, acute myeloid leukemia; NOS,
no other specific.
required 50% survival value (P < 0.001, Figure. 3). The
5-year cancer-caused specific survival was 40.9% versus
31.1% in unmatched and 41.4% versus not reached in
matched never married and married group patients (P
< 0.001). In addition, the cancer-CSS analysis between
widowed and married patients displayed a median CSS
of 4 months (95% CI: 3.7-4.3) and 13 months (95% CI:
12.5-13.5), respectively, and 5-year cancer-caused specific
survival of 12.6% and 31.1% respectively in unmatched
groups (P < 0.001). The similar trends were observed in
the matched groups, where the median CSS was 4 months
(95% CI 3.7-4.3) versus 14 months (95% CI: 13.2-14.8)
in widowed versus married group patients (P < 0.001,

matched unmarried and married groups showed, a median
CSS of 10 months (95% CI: 9.5-10.5) and 16 months
(95% CI: 15.2-16.8) (P < 0.001, Figure. 2) respectively.
In addition, the 5-year cancer-caused specific survival
between unmarried and married patients was 28.4% and
31.1% in unmatched group, while 28.6% versus 35.7%
in matched, group, respectively (P < 0.001). The never
married versus married analysis between unmatched
groups showed median CSS of 22 months (95% CI: 20.123.9) and 13 months (95% CI: 12.5-13.5) respectively (P <
0.001). On the contrary, in the matched group, the median
CSS was 22 months (95% CI: 20.0-24.0) for never married
patients, while the married patients did not achieve the
www.impactjournals.com/oncotarget
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Table 8: Hazard ratios of CSS predictors by multivariate analysis in widowed vs. married AML patients (matched and
unmatched)

Abbreviation: CSS, cancer-specific death; HR, hazard ratio; CI, confidence interval; AML, acute myeloid leukemia; NOS,
no other specific.

Table 9: Comparison of HRs for overall survival associated with conventional treatments (based on prior literature),
and with cancer-specific survival associated with marriage (in the present study) in AML patients

Abbreviation: HSCT, hematopoietic stem cell transplantation; HR, hazard ratio; CI, confidence interval.
Figure. 4). The 5-year cancer-caused specific survival was
12.5% versus 23.6%, respectively (P < 0.001).
Furthermore, we also evaluated the correlation
between different factors and cancer-caused specific
survival, using multivariate proportional hazard model
by comparing matched datasets to unmatched complete
datasets, as summarized in Table 7, 8. Various features
were observed in all pairs of matched groups, and among
them several independent prognostic factors emerged
between matched unmarried versus married groups,
including age, AML subtype and adjuvant therapy, and
were similar to those in unmatched group. However, race
(black, HR 0.946, 95% CI: 0.898-0.998, P = 0.041; other,
HR 0.920, 95% CI: 0.872-0.971, P = 0.002; unknown,
HR 0.531, 95% CI: 0.335-0.844, P = 0.007) was found
to be associated with CSS in matched groups but not in
unmatched. Similarly, sex was as a prognostic factor in
unmatched groups but not in matched groups (P > 0.05).
Among the never married versus married groups analysis,
age ( > 55 years, HR 1.611, 95% CI: 1.529-1.698, P <
0.001), race (black, HR 1.549, 95% CI: 1.449-1.656, P <
0.001), sex (male, HR 1.117, 95% CI: 1.062-1.176, P <
www.impactjournals.com/oncotarget

0.001) and adjuvant therapy (radiation, HR 0.844, 95% CI:
0.755-0.944, P = 0.003) were observed to be associated
with CSS in matched groups, while in unmatched groups,
some additional prognostic factors were also identified;
age ( > 55 years, HR 2.165, 95% CI: 2.094-2.237, P <
0.001), race (other, HR 1.053, 95% CI: 1.002-1.106, P =
0.041), sex (male, HR 1.160, 95% CI: 1.126-1.194, P <
0.001), AML subtype (others, HR 0.733, 95% CI: 0.7120.754, P < 0.001) and adjuvant therapy (radiation, HR
0.716, 95% CI: 0.664-0.771, P < 0.001). The age > 55
years and diagnosis of AML, NOS eventually increased
the risk of CSS in widowed and married group patients.
Being male (HR 1.160, 95% CI: 1.126-1.194, P < 0.001)
was associated with poor CSS in matched widowed versus
married groups, while not in unmatched groups (HR
0.998, 95% CI: 0.971-1.025, P = 0.887). Also the similar
result was observed in adjuvant therapy as receiving
radiation (HR 0.725, 95% CI: 0.672-0.783, P < 0.001),
which appeared as a favorable factor in unmatched group
but did not reach statistical significance in matched group
(HR 0.871, 95% CI: 0.737-1.030, P = 0.106).
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DISCUSSION

groups. More interestingly, it even protected patients from
AML-caused specific death in the matched widowed
versus married groups. As this database included more
males than females, thus it could be likely for males to
display a little greater risk (HR 1.068) than females. As
AML has not been a malignant tumors with significant
gender differences [26], we do not regard sex as a
remarkable prognostic factor in AML patients. Also it was
noticed that when being widowed, male patients trends to
act more optimistically towards disease and emerged with
solid economic capability than female patients [4, 5, 9].
Hence, it was no surprise that male patients may survive a
while longer in matched widowed versus married groups.
Notably, it is quite common that unmarried adults usually
live “with other persons” in modern society, which SEER
database failed to record. So, we suggested that prognostic
factors may differ in diverse marital status groups, and
living with someone other than a spouse might not confer
the similar protective benefit as marriage. Overall, our
study emphasized about the substantial impact of marriage
or more accurately social support on AML survival.
Thus, it can be deduced from our study that providing
social support to vulnerable populations such as single or
widowed patients, could considerably increase the ratio of
positive remission and survival.
Notably, socio-demographic factors have actually
been shown to impact the disease outcome in multiple
health conditions especially in countries and regions with
limited access to free care [27, 28]. Marital status can
have positive effect on AML diagnosis and subsequent
treatment, as spouses can definitely advice patients to
pay more medical attention for suspicious symptoms.
Not only this, spouses can also play an important role
in management of the disease [29]. Many studies have
attempted to explain the reason for the correlation of
married status with better survival in cancer by adjusting
demographics, stage and treatment, and one reason which
seems to be probable is that married patients adhere to the
prescribed treatments better than unmarried [30-32]. There
are potentially additional underlying etiologies which
can explain the benefits of marriage on cancer-cause
specific survival. Since the diagnosis of hematological
malignancies usually results in more grieved outcome than
other hematological diagnoses [33, 34], but it has been
observed that married patients showed lower risk of major
depression or anxiety than their unmarried counterparts
[35], as emotional burden is shared by an intimate
partner. Pessimism is another negative mediator between
marital status and adherence to therapeutic approaches.
Patients with depression generally undergo authoritative
treatment less often and thus would display poor survival
outcome [36-38]. With the change of marital status, the
patient situation appears to become more complicated. It
is generally expected that married patients may benefit
in terms of emotional and social support in comparison
to others who are widow, divorce or separate, as these

In general, our study has been able to show that
patients with unmarried status including those who
were widowed or divorced have relatively greater risk
of death due to primary AML, in comparison to patients
who were married. In addition, we also observed that the
specific association between marital status and survival
outcomes was significant. Consistent with our data, similar
conclusions have also been achieved in patients with solid
tumors like, lung cancer, colorectal cancer, pancreatic
cancer, liver cancer, esophagus cancer, head/neck cancer,
non-Hodgkin lymphoma, thyroid cancer, gastric cancer
and cervical cancer [7, 9, 11, 14, 22-25]. However,
contrary to these observations, the study by Fintel AE
[16] demonstrated that marital status did not influence the
outcomes of acute lymphoblastic leukemia, while intrinsic
differences in disease and disease-specific therapies did.
Thus, we have directly compared the published HRs for
the overall survival benefit of conventional chemotherapy
and/or hematopoietic stem cell transplantation (HSCT)
from meta-analysis and systematic reviews, and observed
that HRs for the cancer-specific survival benefit correlated
with marriage in this study (Table 9). The survival
benefit associated with marriage was greater than the
several published survival benefits of various treatments
(high doses of daunorubicin, high dose of cytarabine,
Gemtuzumab ozogamicin included chemotherapy,
idarubicin with cytarabine, autologous HSCT and
Allogeneic HSCT with reduced-intensity conditioning).
Importantly, we also observed some additional
correlations in our study. Like, being never married was
observed to be associated with favorable cancer-caused
specific survival in general and in almost each subgroup
adjusted by each prognostic variable in the univariate
and log-rank analysis, when compared with married
status. However, the multivariate analysis showed that
never married AML patients actually had worse CSS in
comparison to married status, and this might be attributed
to the fact that population of being never married
consisted of relatively more patients aged 15-55 years
and were females. These 2 variables were later observed
to be independent prognostic factors for survival. Thus,
the result was adjusted when independent prognostic
factors were integrated in the multivariate analysis. Our
hypothesis was further validated when 1:1 matched
groups were analyzed similarly using demographic
and clinicopathological variables. The married patients
showed remarkably better cancer-caused specific survival
than never married patients in the log-rank test. The results
from matched groups largely simulated the conditions of
prospective study in the limited retrospective database,
and were more persuasive than unmatched data [18].
Surprisingly, being male did not seem to influence the
survival outcome in the matched married versus unmarried
groups, while it actually increased the risk in unmatched
www.impactjournals.com/oncotarget
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patients definitely undergo more social and financial
stress. As a result these patients cannot cope with stress
and develop a negative attitude towards disease or even
life, and should not be overlooked. It can be advised
that physicians should screen unmarried AML patients,
especially those who are experiencing marital upheaval
and display pessimistic attitude. In addition they should be
referred to mental health specialists, if typical symptoms
are identified.
Many studies investigating the impact of marriage
usually focus on patients with a single cancer just like
the current study. However, there are some additional
population-based studies which evaluated the impact of
marriage on patient’s outcomes in numerous cancers.
The studies by Goodwin et al. [39] and Lai et al. [40]
concluded that marital status has very limited effect on
overall survival in cancer patients. The study by Aizer
et al. [7] proposed a novel view about the significant
correlation between marital status and cancer-specific
mortality for many cancers including 10 leading
malignancies, and their evaluation was based on 1,260,898
contemporary cancer patients throughout the United State.
These results were consistent with our study and support
our conclusions.
However, there were also few potential limitations
of our study. First, our result could not be extended to
AML patients from Asia, African, Latin America or
even Europe. Second, our study lacked the data related
to chemotherapy or HSCT. Third, some patients who
cohabitated with a partner privately in the absence of
marriage, were regarded as unmarried by SEER database,
but these patients might survive longer than actually
unmarried patients, hence has the tendency to bias our
results. Finally, there was no information about the
patients addiction to alcohol, smoke or maybe drug abuse
in the SEER database, and these factors can also impact
the survival of AML patients [41, 42]. The studies by Park
B et al. and Balekang GB et al. have indicated that patients
with unmarried status were more prone to such addiction
habits [43, 44]. So, the physician should pay attention
to such adverse factors, particularly in unmarried AML
patients. Nevertheless, despite these limitations, our study
still highlighted the importance of social support as well
as marital status, in significantly improving the therapeutic
effects in unmarried AML patients.
Overall, our study demonstrated that unmarried
AML patients are at a greater risk of cancer-specific
mortality, and physicians should definitely evaluate
the information about the social status/support of these
patients, and when required should counsel and provide
health resources targeting towards social support. This
intervention may help to improve the rate of cancer-caused
specific mortality in unmarried AML patients.

The authors declare no conflict of interest.
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