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Abstract

Patients with previous cancer are often excluded from clinical trials despite limited evi-
dence about their prognosis. We examined the effect of previous cancer on overall and
colorectal cancer (CRC)-specific survival of patients newly diagnosed with CRC. This
population-based cohort study from the U.S.A. included patients aged >66 years and
diagnosed with CRC between 2005 and 2015 in linked Surveillance, Epidemiology,
and End Results-Medicare data. We estimated the stage-specific effects of a previous
cancer on overall survival using Cox regression and on CRC-specific survival using
competing risk regression. We also examined the effect of previous cancer type, tim-
ing, and stage on overall survival. Of 112,769 patients, 14.1% were previously diag-
nosed with another cancer—commonly prostate (32.9%) or breast (19.4%) cancer, with
many (47.1%) diagnosed <5 years of CRC. For all CRC stages except IV, in which
there was no difference, patients with previous cancer (vs. without) had worse overall
survival. However, patients with previous cancer had improved CRC-specific survival.
Overall survival for those with stage 0—III CRC varied by previous cancer type, timing,
and stage; for example, patients with previous melanoma had overall survival equiva-
lent to those with no previous cancer. Our results indicate that, in general, CRC patients
with previous cancer have worse overall survival but superior CRC-specific survival.
Given their equivalent survival to those without previous cancer, patients with previous
melanoma and those with stage IV CRC with any type of previous cancer should be

eligible to participate in clinical trials.
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1 | INTRODUCTION survivors must navigate complex medical needs, including
surveillance testing, recurrence, and second cancers. New
diagnoses of colorectal cancer (CRC) occur frequently in

cancer survivors.> A recent study shows that 15% of older

By 2040, it is estimated that more than 26 million people
in the United States (U.S). will be cancer survivors.' Cancer
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(age >65 years) adults diagnosed with CRC, have already
survived previous cancer.’

As the population of persons with multiple cancers
increases,*® clinical trial eligibility criteria continue to
exclude cancer survivors newly diagnosed with another
cancer.’ The majority of National Cancer Institute (NCI)-
sponsored lung cancer (80%) and CRC (76%) trials® have
this exclusion.’ Recently, the American Society of Clinical
Oncology—Friends of Cancer Research Clinical Trial
Eligibility Working Group recommended against excluding
these patients solely on the basis of previous or stable, con-
current malignancy. 1011 The Food and Drug Administration
also drafted similar guidance.12 Yet, despite recent efforts
to relax clinical trial eligibility, there are limited data to
inform evidence-based inclusion criteria. Descriptive ep-
idemiologic studies also frequently exclude patients with
previous cancer, which makes it even more challenging to
draw conclusions about the characteristics and prognosis
of this population relative to those without previous can-
cer.!314 Although some evidence suggests that CRC pa-
tients with previous cancer have worse overall survival,"”
findings are mixed, with some studies documenting im-
proved survival or no difference.'®'® Many questions re-
main unanswered about the impact of previous cancer and
whether the impact varies by CRC stage, cause-of-death, or
type of previous cancer.

To address these gaps, we used population-based data
from the United States to answer the following research ques-
tions among patients newly diagnosed with CRC: Does over-
all or CRC-specific survival differ for patients with previous
cancer compared to those without previous cancer? and How
are characteristics of the previous cancer, including previous
cancer type, time elapsed between previous cancer and CRC,
and previous cancer stage, associated with overall survival?

Our answers to these important questions should be used
to inform design of trial inclusion and exclusion criteria and
will help draw attention to the unique needs of the growing
population of cancer survivors.

2 | METHODS

2.1 | Data

We analyzed U.S. population-based data from the linked
Medicare claims and National Cancer Institute Surveillance,
Epidemiology, and End Results (SEER) program.?’ This
study included Medicare patients >66 years of age and newly
diagnosed with CRC (American Joint Committee on Cancer
[AJCC] 6th edition stages 0-1V) between 2005 and 2015. All
patients had full coverage of Medicare Parts A and B from
1 year before and 1 year after CRC diagnosis or until death.
We excluded HMO members and patients with only autopsy
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or death certificate records, incomplete dates of diagnosis or
death, discrepancies between SEER and Medicare birthdate
of 1 year or more, unknown CRC stage, or discrepancies be-
tween sequence number and tumor site recode.

2.2 | Measures

We defined previous cancer using our published ap-
proach.**' We determined order and timing of all primary
cancer diagnoses using the SEER variable site recode and asso-
ciated ICD-O-3 values. We restricted our sample to two groups
of patients diagnosed with CRC: (a) patients with no previous
cancer and (b) patients with one previous cancer of a differ-
ent type. We excluded patients with more than one previous
cancer and/or any previous CRC because cause of death mis-
classification is more common for patients with more than one
previous cancer.?” This allowed us to more accurately measure
CRC-specific survival. The excluded patients, when compared
to those with one previous cancer of different type, were older,
diagnosed at later stage, and more likely to be male.

We examined two outcomes: overall survival and cause-
specific survival. Overall survival was measured as the in-
terval in months between CRC diagnosis and death from
all causes. Patients were followed until death date or 31
December 2016. For cause-specific survival, we defined
three possible causes of death: death from previous cancer
(possible only for patients with previous cancer), CRC, or
any other causes.

We measured numerous covariates. The following patient
characteristics were defined at the time of CRC diagnosis:
age, sex, race/ethnicity, marital status, region, neighborhood
poverty, and urban/rural residence. Patients with Medicaid
were identified using the state buy-in variable.”” We mea-
sured the following characteristics of the CRC: tumor loca-
tion, grade, histology, and stage at diagnosis defined using
AJCC, 6™ edition. Using SEER and Medicare claims, we
measured receipt of chemotherapy, radiation, and surgery
type. We measured the number of 10 frailty-defining diagno-
ses (e.g., falls, dementia, etc.) and 16 non-cancer comorbid-
ities (e.g., diabetes, cerebrovascular disease, etc.) in the year
prior to CRC diagnosis (see Appendix 1).2*% For Medicare-
defined covariates, we searched inpatient, outpatient, and
carrier claims.

2.3 | Analysis

We reported prevalence of previous cancer and compared
covariates in patients with and without previous cancer
using chi-square tests. Among those with previous cancer,
we also described the cancer type, timing, and stage of the
previous cancer.
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To assess the association of previous cancer and over-
all survival, we estimated cumulative incidence of death
from all causes using unadjusted Nelson—Aalen curves. To
account for the effects of potential covariates, we further
modeled the hazard rate for overall survival using adjusted
Cox regressions including all measured covariates. We also
examined the effect of previous cancer type, timing, and
stage on overall survival using adjusted Cox regressions.
We categorized previous cancer type as follows: no pre-
vious cancer or previous breast, urinary bladder or other
urinary organs, melanoma, lung, corpus/uterus, lymphoma,
oral cavity, prostate, or other. We categorized time elapsed
between previous cancer and CRC diagnosis as no previous
cancer or <1 year, 1-5 years, or >5 years. We measured
previous cancer stage as no previous cancer or as localized,
regional, distant, or unstaged. Hazard ratios (HR) and 95%
confidence intervals (CI) quantify the effects of previous
cancer on overall survival.

We conducted competing risk analyses as follows. For
each cause of death (previous cancer, CRC, and other), we
plotted cumulative incidence function curves and estimated
adjusted Fine and Gray proportional subdistribution hazard
regressions.”” We calculated subdistribution hazard ratios
(sdHR) and 95% confidence intervals to quantify the effects
of previous cancer on CRC-specific death and death from
other causes while accounting for competing risks.

To quantify the absolute differences in prognosis between
those with and without previous cancer, we estimated 5-year
risk of death for all causes and separately by cause (CRC,
previous cancer, and other causes).

Lastly, we repeated overall survival analyses in a subset
of “clinical-trial type” patients. This subsample included pa-
tients with no comorbidity or frailty, who received any CRC
treatment, and who were aged <75 years at CRC diagnosis.

Survival analyses were conducted separately by CRC
stage. We fitted models with and without adjustment for all
covariates. To assess the proportional hazard assumption, we
examined log—log plots and Schoenfeld residuals; when vio-
lated, we included interaction terms of previous cancer with
(log)time. We conducted analyses in SAS 9.4 (SAS Institute
Inc.) and created figures in R Studio Version 1.2.5033.% The
University of Texas Southwestern Medical Center Institutional
Review Board approved this study (STU 042018-032).

3 | RESULTS

3.1 | Sample description

Appendix 2 shows sample selection. Of 112,769 eligi-
ble patients newly diagnosed with CRC, 15,935 (14.1%)
had previous cancer. Table 1 demonstrates that those with
and without previous cancer differed in several ways. For

example, patients with previous cancer were older, more
likely to be male and to receive chemotherapy, radiation, and
local tumor excision. Most previous cancers (82.7%) were
diagnosed at localized or regional stage. Appendix 3 shows
the characteristics of those with and without previous cancer
by CRC stage.

Table 2 shows previous cancer type and timing. The most
common previous cancers were prostate (32.9%), breast
(19.4%), urinary bladder or other urinary organs (6.8%), mela-
noma (6.4%), and lung cancer (5.7%). The median time between
the diagnosis of previous cancer and CRC was 65 months, with
roughly half (47.1%) diagnosed within 5 years.

3.2 | Cumulative incidence of death over
time and S-year risk of death

Figures 1 and 2 illustrate unadjusted cumulative incidence
of all-cause death cause-specific death, respectively. For pa-
tients with previous cancer compared to those without, the 5-
year risk of death from all causes was as follows: 0.44 versus
0.33 (stage 0), 0.43 versus 0.36 (stage I), 0.51 versus 0.43
(stage II), 0.62 versus 0.55 (stage III), and 0.95 versus 0.94
(stage IV) (see Appendix 4).

3.3 | Covariate-adjusted overall and cause-
specific survival

Figure 3 illustrates the adjusted association of previous can-
cer and overall survival and cause-specific survival. In all
CRC stages except stage IV, patients with previous cancer
had worse overall survival. For patients with stage IV CRC,
there was no difference in overall survival between those
with versus without previous cancer.

In competing risk regressions, for patients with all CRC
stages except stage III, those with previous cancer had im-
proved CRC-specific survival compared to those without;
in stage III, those with versus without previous cancer had
equivalent CRC-specific survival. We observed similar re-
sults in unadjusted models (see Appendix 5).

3.4 | Effect of previous cancer type,
timing, and stage on overall survival

Because previous cancer was negatively associated with
overall survival among patients with stage O-III CRC, we
examined the role of previous cancer type, timing, and
stage in this group (n = 91,999). We combined stages 0—
III for this analysis and included CRC stage as a covariate.
Results from adjusted models are shown in Figure 4 and
illustrate worse overall survival for those with all types of
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previous cancer, except melanoma (adjusted hazard ratio
[HR]: 1.04; 0.94-1.14). This association varied in magni-
tude by type of previous cancer. Relatively small effects
were observed among those with previous breast cancer
(aHR: 1.07; 95% CI: 1.01-1.14) or prostate cancer (aHR:
1.06, 95% CI: 1.01-1.11). In contrast, patients with previ-
ous lung cancer had substantially worse survival (aHR: 2.4;
95% CI: 2.21-2.59). When analyzing time elapsed between
diagnosis of previous cancer and CRC, we observed sig-
nificantly worse survival regardless of timing; the negative
association between timing of previous cancer and overall
survival was largest for those with previous cancer within
a year of their CRC diagnosis. Those with previous cancers
diagnosed at a later stage also had worse survival. For ex-
ample, patients with previous cancers diagnosed at a distant
stage had worse survival (aHR: 2.27; 95% CI: 2.29-2.66)
compared to those with previous cancers diagnosed at a
local stage (aHR: 1.10; 95% CI: 1.06-1.14).

3.5 | Clinical trial-type population

Finally, in the subset of 22,943 clinical trial-type patients
(treated patients aged <75 years with no comorbidity or
frailty), 16.4% had previous cancer [data not shown]. Among
these younger, healthier patients, the direction, magnitude,
and significance of the overall survival association were
similar to those from the total population. Results from this
subset analysis are more generalizable to the types of patients
enrolled in clinical trials.

4 | DISCUSSION

We demonstrated that 14% of patients newly diagnosed
with CRC have survived a previous cancer, most often pros-
tate or breast cancer. Compared to those without, patients
with previous cancer generally had worse overall survival.
This held true for patients diagnosed with stages O—III CRC,
but not for patients diagnosed with stage IV, among whom
we observed no difference. Deaths due to previous cancer
and other causes, not the incident CRC, drive the overall
survival disadvantage for patients with previous cancer.
Indeed, we found that CRC-specific survival, an endpoint
of many clinical trials, is improved in patients with previ-
ous cancer, and at all CRC stages except stage III. The rea-
sons for a CRC-specific survival advantage are uncertain.
Several explanations are plausible, including greater tumor
responsiveness, a healthy survivor effect, or other biologi-
cal differences. Furthermore, it is likely that cancer survi-
vors receive closer medical monitoring and more frequent
imaging that may lead to earlier CRC diagnosis and timely
treatment.
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Prior studies have provided mixed results about the over-
all impact of previous cancer on survival, perhaps due to
differences in cohort selection and analysis methods. In an
early report on this topic, patients with incident, resected
CRC with previous extracolonic cancer had better 5-year
overall survival than those without previous cancer.!” This
study included 1,198 patients from a single center in England
between 1971 and 1990. In a population-based study from
Finland, women diagnosed with CRC between 1960 and
1993 with previous breast cancer had a slight survival advan-
tage.16 However, among 697 patients with gastrointestinal
cancer (74% with CRC) and treated with chemotherapy in a
London hospital in 2006, previous cancer was not associated
with differences in overall or disease-specific survival.'® In
contrast, a SEER study of CRC patients diagnosed in 2004—
2008 found that those with previous cancer had worse overall
survival (HR 1.17,95% CI: 1.15-1.19).'° Similar to our find-
ings, the prior SEER study found that, among patients with
stage IV CRC, survival was equivalent for those with and
without previous cancer."” An additional SEER study of pa-
tients with stage IV CRC diagnosed in 1973-2008 found that
those with any previous non-leukemic cancer did not have a
significant change in overall survival, however, those with
previous leukemia showed worse overall survival.'” While
our current analysis shares some similarities with these two
prior SEER studies, our study focused on older patients and
has numerous advantages: It provides stage-specific esti-
mates of the effect of previous cancer on overall and cause-
specific survival, while accounting for competing risks of
death; and importantly, it is the first to examine the role
of previous cancer stage and type. Notably, our study also
adjusted for many factors important for survival, includ-
ing frailty, comorbidity, and receipt of chemotherapy; prior
SEER studies could not adjust for the impact of these import-
ant covariates that are not measured in SEER data but are
available in Medicare claims.

4.1 | Previous cancer characteristics

After observing a negative effect of previous cancer on
overall survival among patients with stage 0-III CRC, we
examined whether this effect varied by the characteris-
tics of the previous cancer. Results regarding timing and
stage were not surprising; patients with previous cancers
diagnosed more recently or at a more advanced stage
had worse survival, confirming findings from a prior
study.15 We also illustrated that the impact of previous
cancer varied considerably depending on the type of can-
cer the patient had already survived. Those with previous
lung cancer experienced substantially worse survival. In
contrast, other types of previous cancer, such as breast
or prostate cancer, were associated with a much more
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(Continued)

TABLE 1

Previous cancer®
(N =15,935)

No previous cancer

p value

96,834)

W=

<0.001

5942 (37.3%)
4072 (25.6%)
1185 (7.4%)

4736 (29.7%)

39,919 (41.2%)
33,011 (34.1%)

0 (0%)

Alive

Died of colorectal cancer

Died of previous cancer

23,904 (24.7%)

Died of other causes

65 (25, 124)

Median months (interquartile range) from previous cancer diagnosis to CRC diagnosis

Stage of previous cancer

12,644 (82.7%)
1147 (7.5%)

In situ/localized/regional

Distant

“Includes patients with one previous non-colorectal cancer.

per cell and are grouped together to avoid small cell sizes.

®Unknown account for n<11
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modest decrease in survival. Interestingly, we observed
that melanoma survivors had equivalent survival when
compared to CRC patients with no previous cancer. These
findings likely reflect the overall prognosis of patients
with these different cancers; while lung cancer survival is
very poor, patients with melanoma have good survival; on
average, the 5-year relative survival is 92%.* These find-
ings may also reflect stage distributions of these previ-
ous cancers; among those with previous melanoma, 92%
were diagnosed with in situ or localized melanoma. To
our knowledge, our study is the first to examine the role
of previous cancer type and stage on survival, and this
evidence should be disseminated to ensure future clinical
trial guidelines are evidence-based.

4.2 | Implications for trial design

There is increasing interest in modernizing eligibility crite-
ria to improve clinical trial accrual and generalizability of
results. %! Historically, the desire to select favorable and
homogeneous subsets of patients is one factor that has driven
the tightening of eligibility criteria.’**' We show that CRC
patients with previous cancer differs from those without in
several respects, and therefore concerns about participant
heterogeneity may be warranted. But because, as we show,
one in seven older CRC patients has survived a previous
cancer, the desire for homogeneity may hamper accrual and
representativeness. Inclusion of patients with previous cancer
would speed up trial accrual and ensure that trial participants
more closely mirror the overall population.

An additional factor driving trial exclusion may be con-
cern about poor outcomes among patients with a previous
cancer, such as death prior to the completion of treatment.
Our results indicate that this concern is not necessarily war-
ranted. We demonstrated that survival differences varied by
CRC stage, type of previous cancer, and by cause of death.
Given this complexity, we recommend that trial investigators
examine decisions about relaxing exclusion criteria carefully,
in light of observed differences in survival, specific end-
points of interest, and the stage of CRC under investigation.
Given no difference in overall survival, we recommend that
a previous cancer alone should not be an exclusion criterion
for patients with stage IV CRC. Likewise, patients with 0—
III CRC and a history of melanoma should not be excluded.
Lifting these exclusion criteria would result in more rapid
accrual and better representation of the rapidly growing pop-
ulation of cancer survivors.

Overall, our results fill several gaps in the literature but
additional questions remain. To further inform evidence-
based clinical trial eligibility criteria, more data are needed
about other clinically relevant outcomes in this population,
including toxicity and tumor response.
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FIGURE 1 Unadjusted cumulative incidence of all-cause death and b) cause-specific death for colorectal cancer (CRC) patients with

(n = 15,935) and without (n = 96,834) previous cancer, by CRC stage at diagnosis

4.3 | Limitations and strengths

Our study faces some limitations. First, there may be mis-
classification in cause of death. While our competing risk

analysis relies on precise classification of causes of death,
misclassification would not affect our analysis of overall
survival. SEER derives cause of death from death certifi-
cates, which can be erroneous. Previous studies indicate that
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FIGURE 2 Unadjusted cumulative incidence of cause-specific death for colorectal cancer (CRC) patients with (n = 15,935) and without

(n = 96,834) previous cancer, by CRC stage at diagnosis

misclassification is more common for patients with previous
cancer, particularly those with >2 cancers.” To address this,
we limited analysis to patients with only one previous cancer.
However, it is still possible that misclassification contributes

to CRC-specific survival advantage as observed in this study.
Additional research is needed to fully understand the effects
of previous cancer on clinically relevant outcomes and to
identify mechanisms leading to improved survival such as
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CRC Stage HRIsdHR? 95% CI® PValue
Overall, all stages * 1.04 0.99 1.08 0.082
Stage 0

Overall i 1.28 117 139 <.001

CRC-specific —a— 0.56 0.43 074 <.001

Other Causes® —a— 1.41 1.12 1.78 0.003
Stage |

Overall Hi 1:21 15 127 <001

CRC-specific - 0.66 0.59 074 <.001

Other Causes HH 1.07 1.01 1.14 0.022
Stage ll

Overall® = 1.1 1.01 1.22 0.028

CRC-specific HEH 0.79 0.74 0.86 <.001

Other Causes® - 1.49 1.31 169 <.001
Stage Il

Overall L 1.18 1.13 1.24 <.001

CRC-specific® . 0.99 0.89 1.12 0.946

Other Causes¢ —a— 1.61 1.39 1.85 <.001
Stage IV

Overall® 0.97 091 1.03 0.294

CRC-speciﬂcc HH 0.71 0.67 076 <.001

Other Causes o | 2.34 211 259 <.001

T T T T T i Mt |
0.5 075 1 2 2.75

Favorable to previous cancer €— ——> Favorable to no previous cancer

FIGURE 3 Adjusted association of previous cancer and overall and cause-specific survival among patients with colorectal cancer (CRC),

by CRC stage at diagnosis. Note for figure: *HR = hazard ratios or sdHR = subdistribution hazard ratios generated from Cox proportional hazard

models (overall survival) or Fine and Gray proportional subdistribution hazard models (cause-specific survival). Estimates generated from models

adjusted for age, sex, race/ethnicity, year of diagnosis, marital status, U.S. region, neighborhood poverty, urban/rural residence, number of
comorbidities and frailties; receipt of surgery, radiation, and chemotherapy for the CRC, and CRC sub-stage (0, I, ITA, IIB, IITA, IIIB, IIIC, III not
otherwise specified), grade, tumor location, and histology; "CI = confidence interval; “The previous cancer hazard was not proportional over time

in stage II and IV overall regressions and stage 0, II, III, and IV in competing risk regressions. Thus, these models include an interaction term with

(log)time; accordingly, for these stages, the previous cancer effect estimate (HR or sdHR) reflects the hazard at time 1 (i.e., 1 month after CRC

diagnosis)

more surveillance imaging or earlier treatment among cancer
Survivors.

Second, it is possible that some CRCs represent misclassi-
fied metastases from the earlier tumor. Such misclassification
is likely rare, given the strict SEER rules for coding primary
cancers>> and high rates of microscopic confirmation (over
97% in our sample, regardless of previous cancer status).

Third, we did not include patients <65 years of age.
The average age of CRC diagnosis is 68 for men and 72 for
women,”* and the prevalence of previous cancer is more than
three times higher among CRC patients >65 years compared
to those <65 years3 ; therefore, our study reflects survival of
the majority of CRC patients with previous cancer.

Despite these limitations, our study has several strengths.
Our analysis of the competing risks of death is a notable
strength of our approach. Accounting for competing causes
is important in studies of cancer patients, especially among
older patients. This is especially true among cancer patients
with previous cancer who face an additional competing risk
unique to this population (i.e., death from the previous can-
cer). Across all stages, approximately one-fourth of patients
died from other causes, with the most common causes of

these deaths being heart disease (32.3%), chronic obstruc-
tive pulmonary disease (7.3%), and cerebrovascular disease
(6.2%). Previous cancer treatment might predispose survi-
vors to death from these other causes, or there may be re-
lated causal factors (e.g., smoking, obesity) underlying both
the previous cancer diagnosis and these other deaths. We ob-
served, in our stage-specific analysis, that deaths from other
causes were more common than CRC deaths among patients
with early stage (0-II) CRC. Failure to account for these
competing risks may obscure the true association of previous
cancer and survival. For example, it is know that when com-
peting risks are not accounted for, Kaplan—-Meier estimates
of cause-specific survival are biased upward and thus risk of
death is overestimated.”’ Prior studies about previous can-
cer have not accounted for competing risks; thus, the present
study overcomes a key limitation in the existing literature.

5 | CONCLUSIONS

Approximately 14% of CRC patients have previously survived
cancer of another type and are at risk of exclusion from clinical
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HR2 95% CI® PValue
Model 1: Previous cancer type ©
Prostate 1.06 1.01 1.10 0.012
Breast 1.08 1.02 1.14 0.012
Other 1.58 1.50 1.67 <.001
Urinary 1.22 112 1.32 <.001
Melanoma 1.04 095 1.14 0.416
Lung 24 221 260 <.001
Lymphoma 149 135 1.65 <.001
Corpus/Uterus 1.27 114 142 <.001
Oral 1.38 1.22 1.56 <.001
Model 2: Previous cancer timing¢
Less than 1 year HH 1.6 152 169 <.001
1-5years | 1.18 1.15 1.22 <.001
Greater than 5 years HH 1.15 1.10 1.21 <.001
Model 3: Previous cancer stage®
Localized [ ] 1.1 1.06 1.15 <.001
Regional HH 1.57 1.47 1.67 <.001
Distant i 246 228 266 <.001
Unknown/missing 1 HEl : : S 116 1.11 1.20 <.001
0.75 1 12515 2 2.75

FIGURE 4 Adjusted association of previous cancer type, timing, and stage and overall survival among patients diagnosed with stage O-III

colorectal cancer (CRC). Note for figure: “HR = hazard ratios generated from Cox proportional hazard models. Estimates generated from models

adjusted for age, sex, race/ethnicity, year of diagnosis, marital status, U.S. region, neighborhood poverty, urban/rural residence, number of

comorbidities and frailties; receipt of surgery, radiation, and chemotherapy for the colorectal cancer; and CRC sub-stage (0, I, ITA, IIB, IITA, IIIB,

IIIC, III not otherwise specified), grade, tumor location, and histology. °CI = confidence interval. “The previous cancer hazard was not proportional

over time for cancer type, timing, or stage. Thus, these models include an interaction term with (log)time; accordingly, for these stages, the previous

cancer effect estimate (HR) reflects the hazard at time 1 (i.e., 1 month after CRC diagnosis)

trials for that reason alone. Except in stage IV disease, and
among patients with stage O—III CRC and a previous melanoma,
those with previous cancer have generally worse overall survival
that is not ascribable to their incident CRC. When examined by
cause of death, the majority of patients with previous cancer had
improved CRC-specific survival. Given this evidence, patients
diagnosed with stage IV CRC with previous cancer and those
with previous melanoma should be included in clinical trials.
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