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Abstract
BACKGROUND—Chemotherapy improves survival for patients with stage III colon cancer, but
some older patients with lymph node-positive colon cancer do not see a medical oncologist and, thus,
do not receive adjuvant chemotherapy.

METHODS—To evaluate the role of the surgeon in determining referrals to medical oncology
among patients with stage III colon cancer, the authors conducted a retrospective cohort study of
6158 patients aged ≥66 years who were diagnosed with stage III colon cancer from 1992 through
1999 by using the Surveillance, Epidemiology, and End Results-Medicare linked database.
Multilevel analysis was used to simultaneously model variations in patients’ seeing a medical
oncologist at the patient and surgeon levels.

RESULTS—Twenty-one percent of the total variance in seeing a medical oncologist was
attributable to the surgeon after adjusting for available patient, tumor, and surgeon characteristics.
The individual surgeon characteristics that significantly predicted whether the patient saw a medical
oncologist were year since graduation (≤10 years vs >20 years; hazard ratio [HR], 1.60; 95%
confidence interval [95% CI], 1.19–2.16), practicing in a teaching hospital (yes vs. no: HR; 1.30;
95% CI, 1.07–1.58), and volume of patients with colon cancer (<30 patients vs ≥121 patients; HR,
0.66; 95% CI, 0.46–0.94). Surgeon sex, race, board certification, and type of practice were not
independent predictors of medical oncology referral.

CONCLUSIONS—Surgeons accounted for approximately 20% of the variation in patients seeing
a medical oncologist. Interventions at the level of the surgeon may be appropriate to improve the
care of patients with colon cancer.
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The outcomes of patients with stage III colon cancer can be improved dramatically by the use
of adjuvant chemotherapy.1–6 However, a substantial percentage of patients with colon cancer
do not receive adjuvant chemotherapy7–9 and are at risk for poorer outcomes.10 Patients who
are older and who are black reportedly are less likely to receive adjuvant chemotherapy,9–
12 although it has not been demonstrated that the benefits of chemotherapy differ by age or
ethnicity.2,10

Figure 1 shows a conceptual model for the factors that affect the receipt of adjuvant
chemotherapy. First, a patient who is diagnosed with colon cancer must be referred to a medical
oncologist, because, with rare exceptions, medical oncologists are the only physicians who
prescribe and supervise chemotherapy administration. Second, after consultation with a
medical oncologist, a decision must be made to proceed with chemotherapy.

Seeing a medical oncologist is very important for several reasons. First, as noted above, medical
oncologists are the specialists who administer chemotherapy. It is uncommon for surgeons or
primary care physicians to administer chemotherapy. Second, medical oncologists are cancer
specialists, whereas the vast majority of cancer resections are done by general surgeons.13,
14 Third, oncologists are more likely than general surgeons to perform recommended oncology
care.15 Finally, cancer patients who are treated by oncologists experience better outcomes than
patients who are treated by physicians without oncology training.15–17

We hypothesized that, in addition to patient, tumor, and medical system characteristics, surgeon
characteristics would be important in determining which patients would see a medical
oncologist. Previous reports indicated that physician characteristics play an important role in
referral patterns. Physicians who have more practice experience,18 and female physicians and
internists19 tend to have higher referral rates. It also has been demonstrated that physician
specialty,15–17,20 years in practice,21 practice setting,15,21,22 and patient volume23 all
influence practice patterns. Therefore, in the current study, we investigated the role of surgeon
characteristics in predicting which patients with stage III colon cancer are seen by a medical
oncologist.

MATERIALS AND METHODS
Data Sources

Data for this study were obtained from several databases that were linked through collaborative
projects and agreements involving the National Cancer Institute, the Centers for Medicare and
Medicaid Services (CMS), and the American Medical Association (AMA).8,24,25 These
databases contain 1) population-based tumor registry data obtained from the Surveillance,
Epidemiology, and End Results (SEER) Program, 2) Medicare enrollment information and
claims submitted to CMS for services provided to Medicare beneficiaries, and 3) information
collected by the AMA on all physicians in the United States (AMA Master file). The SEER-
Medicare database also contains the Hospital file, which includes information on hospital
characteristics, such as academic affiliation, and is derived from the Provider of Services
survey, which is submitted by hospitals to Medicare.26

Luo et al. Page 2

Cancer. Author manuscript; available in PMC 2007 April 12.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



Patients
Eligible patients for this study were Medicare beneficiaries who were diagnosed with stage III
colon cancer from 1992 through 1999 and who were aged ≥66 at the time of their diagnosis (n
= 14,217). We excluded patients who had a cancer diagnosis at ≥1 site (n = 2049), patients
who died within 6 months of diagnosis (n = 1508), patients who were not covered by both
Medicare Parts A and B or who were members of a health maintenance organization for any
period from 12 months before to 6 months after diagnosis (n = 3085), patients who did not
have a diagnosis month listed in SEER (n = 13), patients who had no information on surgeon
or hospital (n = 675), and patients who were treated by a surgeon who saw only 1 patient with
stage III colon cancer from 1992 through 1999 (n = 742). This resulted in a final sample size
of 6158 patients who were diagnosed with stage III colon cancer, and those patients saw 1307
surgeons at 377 hospitals.

Identification of Patients Who Saw a Specialist
Patients who saw a medical oncologist were identified through information on their Medicare
physician claims (Carrier Claims File). Physician claims have a 2-digit CMS provider specialty
code that represents the specialty reported to the carrier who processed the claim.25 Physician
claims also contain an encrypted Unique Physician Identification Number (UPIN) for the
physician who provided the service. Through linkage with the AMA Master file, the primary
and secondary specialty of a specific physician can be ascertained from residency training
information and self-designated specialty.25 If a patient had a physician claim within the 6
months after the month of diagnosis and the physician specialty (primary or secondary) was
medical oncology or hematology based on either the AMA or CMS data, then we defined the
patient as having seen a medical oncologist.

Measures
Surgeon characteristics were identified from the AMA Master file and included sex, ethnicity,
year of graduation, patient volume, board certification, affiliation with a teaching hospital, and
primary employment setting. Surgeon graduation year was classified into 3 groups: <10 years
since graduation, from 10 years to 20 years since graduation, and >20 years since graduation.
The orientation for surgeon graduating year was 1995, which was the middle point of our data
period (1992–1999). The estimated volume for each surgeon was the total number of all his or
her patients with colon cancer who had claims in the SEER-Medicare database over the period
from 1991 to 2001. It was calculated by using the surgery UPIN on the physician claims. Patient
volume was classified as <31 patients, from 31 to 70 patients, from 71 to 120 patients, and
≥121 patients with colon cancer over the entire period from 1991 to 2001. Specialty
certification categories included not board certified, board certified in general surgery, and
board certified in colorectal surgery. Teaching hospital (yes/no) and primary employment (solo
or owner/other) were dichotomous variables.

We used the SEER data to assign patients to different sociodemographic categories at the time
of diagnosis according to race/ethnicity, marital status, and age. From the Medicare file, we
obtained information regarding whether the individual was enrolled in state buy-in, low-
income subsidy programs (Qualified Medicare Beneficiary) as an indicator of low income at
the individual level. In addition, we selected socioeconomic characteristics by zip code of the
patient’s Census tract in 1990, including median household income and percentage of
individuals aged >25 years with <12 years of education.

Each patient’s comorbidity score was determined from claims data by using the adaptation by
Klabunde and colleagues of the Charlson Comorbidity Index.26,27 The claims data also were
used to define receipt of chemotherapy based on Medicare codes, as described in previous
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publications.28 Patients were classified as having received chemotherapy if they had ≥1 of
these codes on any claim within 6 months after their colon cancer diagnosis.

Statistical Analysis
Differences in the percentage of patients who saw a medical oncologist across strata were
evaluated using chi-square statistics. Hierarchical generalized linear models (HGLM)29 were
used to fit multilevel data in which individuals were nested within surgeons. From HGLM, the
intraclass correlation coefficient (ICC) was estimated by using the threshold method.30 The
ICC provides an estimate of the percent variance in patients seeing a medical oncologist that
is attributable to the surgeon. A null model, which did not include any patient or surgeon
characteristics, and 2 adjusted models (1 that included patient characteristics only and another
that included both patient and surgeon characteristics) were constructed. From the adjusted
models, the residual ICC was calculated, representing the percentage of variance attributable
to the surgeon after adjustments. The odds ratios for seeing a medical oncologist for patient
and surgeon characteristics from adjusted models were calculated along with 95% confidence
intervals. All analyses were performed with Statistical Analysis Software (SAS) version 9.1.
Models were fitted using the SAS GLIMMIX procedure.

RESULTS
In total, 6158 older patients with stage III colon cancer met eligibility criteria for this study.
The characteristics of this patient population are shown in Table 1. The mean patient age was
77.4 years (range, 66–101 years). Overall, 59.2% of patients were female, 84.5% of patients
were non-Hispanic whites, 51.5% of patients were married, 67.1% of patients had no
identifiable comorbidities, 68.7% of patients had ≤3 positive lymph nodes, 60.2% of patients
received chemotherapy, and 82.3% of patients saw a medical oncologist.

Patient characteristics that were associated strongly with seeing a medical oncologist were
younger age, male gender, being married, not having state buy-in insurance, having a lower
comorbidity score, having a larger number of involved lymph nodes, and living in certain SEER
areas, such as Atlanta and Detroit. In addition, Table 1 illustrates an increase over time in the
percent of patients with stage III colon cancer who saw a medical oncologist, from 76.5% in
1992 to 85.6% in 1999. The receipt of chemotherapy, as expected, also was linked closely to
seeing a medical oncologist.

Table 2 presents the characteristics of 1307 surgeons who treated the patients in this study.
Ninety-six percent of surgeons were male, and 53.6% of surgeons had graduated from medical
school >20 years earlier. Only 12% of surgeons operated on <30 patients with colon cancer
per year. Approximately 80% were board certified general surgeons, 10% had specialty training
in colorectal surgery, and 11% were not board certified. One-third of surgeons operated at
teaching hospitals (32.8%). Surgeons who referred patients to see a medical oncologist were
significantly more likely to have graduated within the last 10 years, to be board certified as a
colorectal surgeon, and to work in a teaching hospital.

Next, we used multilevel analyses to investigate characteristics that were associated with
patients seeing a medical oncologist. The results are shown in Table 3. The ICC, which is
shown in the first row of Table 3, provides an estimate of the percent variance in seeing a
medical oncologist that is attributable to the surgeon. In Model 1, no predictors were included,
ie, it is assumed that probability does not vary by individual patient or surgeon characteristics.
The Model 1 ICC is estimated at 0.15, indicating that 15% of the variance in seeing a medical
oncologist is attributable to the surgeon before adjusting for individual patient and surgeon
characteristics.
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In Model 2, patient characteristics are added to the model. After adjustment for patient-level
variables, the percent variance attributable to the surgeon increases to 22.1%. In Model 3,
adjustments are made for both patient and surgeon characteristics. It is noteworthy that,
adjusting for individual surgeon characteristics has little effect on the overall variance
attributable to the surgeon: It decreases from 22% to 21%. In the full model (Model 3), patient
characteristics that significantly predict whether the patient was seen by a medical oncologist
include younger age, being married, not having state buy-in (ie, not indigent), lower
comorbidity score, and increasing number of involved lymph nodes. After adjustment for
patient characteristics, surgeons with more years in practice, surgeons with a low volume of
colon cancer patients, and surgeons who do not work in a teaching hospital were significantly
less likely to have patients who were seen by a medical oncologist.

DISCUSSION
In the current study, we demonstrated that, after adjusting for patient and tumor characteristics,
approximately 21% of the variability in whether a patient with lymph node-positive colon
cancer sees a medical oncologist is attributable to the surgeon. Individual surgeon
characteristics predicted which patients were seen by a medical oncologist. In particular,
surgeons with fewer years since graduation and surgeons who practiced in a teaching hospital
were more likely to have patients who were seen by a medical oncologist, whereas surgeons
who had a lower volume of patients with colon cancer were less likely to send their patients
to medical oncology. It is worth noting that surgeon sex, race, and type of practice were not
significant predictors of medical oncology referral in either univariate or multilevel analyses.
Although board certification was significant in the univariate analysis, it was not a significant
predictor of medical oncology referral after adjusting for variables related to patient mix
(analyses not shown).

We assumed that the primary reason why cancer patients would not see a medical oncologist
was that they were not referred to one.15,31,32 However, there may be other reasons. For
example, a patient may already have ruled out chemotherapy and refused to see an oncologist.
33

The reasons for lower referral rates in some groups of surgeons are less clear. Surgeons who
have finished their training more recently may be more aware that patients with stage III colon
cancer should be referred to medical oncology for consideration of adjuvant chemotherapy.
34 Conversely, surgeons who have more years in practice may be more comfortable in
recognizing patients who are unlikely to receive chemotherapy and, thus, may not send such
patients for a visit which is perceived as unnecessary. A surgeon who practices in a teaching
hospital may be more likely to be aware of new information regarding cancer care, may be
more likely to adopt new procedures, or may be more likely to be aware of the utility of new
practice patterns than their counterparts who practice in rural or solo settings.21,22,34 Finally,
it has been demonstrated previously that surgeons with higher patient volumes have better
performance and may be more aware of practice guidelines than their less experienced
counterparts.23,34

Patient and tumor characteristics also were important predictors of whether a patient saw a
medical oncologist. Younger patient age, being married, not being indigent, having fewer than
3 comorbidities, and more than 7 positive lymph nodes all were associated with referral to
medical oncology. These findings are consistent with clinical practice, in that younger,
healthier patients and patients with higher risk tumors are likely to be the best candidates for
chemotherapy.
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Our reported relationships between patient characteristics and seeing a medical oncologist also
suggest plausible mechanisms for observed disparities in cancer care. For example, we found
that sex and race were not associated with seeing a medical oncologist. This suggests that the
lower use of adjuvant chemotherapy by women and African Americans reported by Jessup et
al35 may be attributed to factors that affect an oncologist’s decision to recommend
chemotherapy as opposed to lower rates of referral to medical oncology. Conversely, the
reported lower rates of chemotherapy use in older patients35 may be attributed to lower rates
of referral to a medical oncologist with increasing patient age.

Our study has some limitations. Clinical information available from billing data is not as
detailed as that available from chart review, and some variables, such as UPINs, may have
missing values.7 The AMA Master file is missing data on ethnicity for approximately 33% of
surgeons, which makes it difficult to evaluate the impact of the surgeon’s ethnicity on referral
patterns. The patient-volume variable is calculated based on care related to colon cancer in
older patients within the SEER-Medicare database and, thus, may not reflect surgeons’ overall
patient volume.12 For instance, it is possible that a surgeon may have a high volume of younger
patients and a limited number of Medicare patients, which would give the false impression of
low operative volume. We also note that surgeon characteristics may be less accurate for
physicians at teaching hospitals. The UPINs were those of the attending physicians rather than
residents or fellows, and patients visiting a surgeon who is affiliated with a teaching hospital
may be treated by residents or fellows instead of attending physicians.12 However, the
attending physician is supervising the patient’s care. Finally, our study is limited to men and
women aged ≥66 years, so our findings may not be generalizable to younger patients in the
United States. However, nearly two-thirds of incident colon cancer occurs in older individuals
(aged >65 years); thus, our findings would be relevant to the majority of patients.

The main findings from this study are that surgeons account for approximately 20% of the
variation in patients seeing a medical oncologist and that fewer years since graduation, higher
patient volume, and affiliation with a teaching hospital are major positive determinants in
referral patterns. Therefore, interventions at the level of the surgeon may be appropriate to
improve the care of patients with colon cancer. Surgeons may need more information about
making appropriate referrals to oncologists, given the possibility that not all surgeons may be
aware of optimal care available or practice guidelines for older patients with colon cancer. By
enhancing surgeons’ knowledge of optimal oncology care and practice guidelines, we can
increase the likelihood that older and vulnerable patients will see a medical oncologist, will be
considered for chemotherapy, and will have optimal outcomes.
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FIGURE 1.
Conceptual model of the factors that influence the trajectory of stage III colon cancer patients
resulting in receipt of chemotherapy. This figure illustrates a 2-step model for receipt of
chemotherapy: The first is being referred to a medical oncologist, and the second step is the
actual receipt of chemotherapy. In this model, both steps will be influenced by patient and
tumor characteristics, whereas referral to an oncologist (Step 1) also will be influenced by
characteristics of the surgeon who performs the primary surgery. The conceptual model may
be used for reference in oncology care and cancer-related studies.
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TABLE 2
Surgeon Characteristics

Surgeon characteristics No. of surgeons (N = 1307)
(%)

Percentage of patients who
saw an oncologist (Total No =
5066)

P

Years since graduation
 ≤10 182 (13.9) 85.9
 11–20 424 (32.4) 83.0
 >20 701 (53.6) 81.0 .0048
Sex
 Women 58 (4.4) 81.4
 Men 1249 (95.6) 82.3 .7329
Race
 White 784 (59.9) 82.0
 Black 14 (1.1) 85.5
 Hispanic 27 (2.1) 87.4
 Asian 126 (9.6) 83.5
 Unknown 356 (27.2) 82 .5794
Patient volume*
 ≤30 156 (12.0) 78.4
 31–70 501 (38.3) 82.7
 71–120 452 (34.6) 82.6
 ≥121 198 (15.2) 82.1 .2501
Board-certified specialty
 Not board certified 139 (10.6) 84.3
 Colorectal surgeon 127 (9.7) 85.5
 General surgeon 1041 (79.7) 81.5 .0076
Teaching hospital
 Yes 428 (32.8) 84.7
 No 879 (67.2) 81.0 .0003
Primary employment
 Solo or owner 726 (55.6) 81.9
 Other 581 (44.4) 82.7 .4089

*
The total number of colon cancer patients (all stages) seen by the surgeon from 1991 to 2001, as identified with physician claims in the Surveillance,

Epidemiology, and End Results-Medicare database. Note that this may not reflect a surgeon’s overall patient volume, because it excludes younger patients
and older patients who are members of a health maintenance organization and/or who are without Medicare Part B coverage.
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