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Background 
 
Cases of unnecessary screening and diagnostic tests have been reported in a variety of 
medical settings,1,2 ranging  from commonly used tests such as CTs and MRIs to advanced 
genetic testing.3 The provision of unnecessary services, including unwarranted or 
redundant testing, costs the U.S. health care system an estimated $201 billion annually.4 It is 
therefore important to determine where unnecessary testing is occurring and also the 
factors associated with inappropriate use in order to lower health care costs. Given that 
complications can arise from testing procedures (e.g., perforation during a colonoscopy), it 
is also important to avoid unnecessary testing to improve patient care. 
 
Follow-up colonoscopies for survivors of colorectal cancer are of particular interest. 
Among survivors, 28% to 50% have locoregional or distant cancer recurrence, and 
procedures such as a colonoscopy can identify abnormalities and increase patient survival.5 
One study showed that a follow-up colonoscopy reduced the risk of death by 43% for the 
group that received at least one test. 6 A significant amount of research has focused on the 
underutilization of follow-up colonoscopies.7–9 However, a growing body of evidence 
suggests that follow-up colonoscopies are often used more frequently than specified in 
medical guidelines, which define the optimal time interval for the next test after a normal 
colonoscopy finding to be three to five years.10–12  
 
While a handful of studies have examined referrals for follow-up colonoscopies, even 
fewer have analyzed whether the results of the colonoscopy tests were positive or 
negative.13  This knowledge gap is important to fill since rates of positive test results may 
yield information on whether colonoscopies are being given to patients who are at higher 
risk of cancer recurrence. This study combines Texas cancer registry data and Medicare 
claims to measure referral patterns of follow-up colonoscopies and to evaluate test results. 
Analysis of referrals illuminates the determinants of colonoscopies in colon cancer 
survivors; analysis of test results illuminates the benefit of such tests. By analyzing referral 
decisions and subsequent test results simultaneously, it is possible to understand whether 
patient and clinical factors are associated with test outcomes, as referring physicians might 
expect at the referral stage. 
 

Materials and Methods 
 
We analyzed Texas cancer registry (TCR) data linked with Medicare claims from 2000 to 
2009. Access to the linked data was obtained through a Data Use Agreement approved by 
the Center for Medicare and Medicaid Services (CMS) for research conducted under 
research grant RP101207 awarded by the Cancer Prevention and Research Institute of 
Texas. Colorectal cancer patients diagnosed from 2000 to 2007 in Texas were identified 
from TCR data. We used resection records from the Medicare Provider Analysis and 
Review (MEDPAR) files, carrier files, and outpatient claims. 
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We defined a follow-up period for each patient who underwent resection based on medical 
guidelines as follows. The recommendation suggests that a patient should receive the first 
colonoscopy one year after surgery. Because about 80% of cancer recurrence occurs within 
the first two years,5 it is important to check whether any remaining synchronous or 
metachronous polyps exist after resection surgery. Therefore, we identified any patients 
who received the first follow-up colonoscopy, and had a normal result, within six months 
to 1.5 years after surgery. (The method for identifying test results is explained in the next 
section.) A follow-up period starts one day after the first normal test for those survivors. A 
follow-up period ends when a survivor dies, receives another resection, or has a positive 
result from subsequent colonoscopy. During the follow-up period for each survivor, we 
collected the second and third colonoscopy claims data (if applicable) following the 
previous literature.14 The guidelines recommend that the second colonoscopy be 
performed after three years, and every five years thereafter. Referral patterns and test 
results for the second and third follow-up colonoscopies after the first normal test are our 
main focus of analysis. 
 
Several inclusion and exclusion criteria were applied to construct a homogeneous cohort. 
First, we excluded colonoscopy claims of patients who were not continuously enrolled in 
both Medicare Part A and Part B or who were enrolled in HMO plans during the sample 
period. We also excluded claims for colonoscopies performed within three months before 
a subsequent colonoscopy, because we reasoned that such tests may have been performed 
for nonsurveillance-related purposes. Colonoscopy claims for patients with a history of 
inflammatory bowel disease were also excluded. Finally, we excluded claims with missing 
referring physician information since we were interested in the characteristics of referring 
physicians for colonoscopies.  
 

Referring Physician and Referral Office Visits 
 
We used referring physician UPIN (Unique Physician Identification Number) information 
in colonoscopy claims from the carrier files to identify the referring physician. Since about 
18% of colonoscopy claims had missing referring physician UPINs, we devised a method to 
obtain such information from other claims data when possible. Assuming that patients 
meet with their point-of-contact doctors consistently for their follow-up, we checked 
whether there were multiple colonoscopy claims during the study period for the same 
patient. If there were other colonoscopy claims with a referring physician UPIN, we 
regarded this doctor as the referring physician for any claim for the same patient with a 
missing physician UPIN. However, we could not identify a referring physician UPIN for 
about 13% of colonoscopy claims; these claims were excluded from our analysis. 
 
Office visit claims for all colorectal cancer survivors in our dataset were reviewed. Among all 
consultations between referring physicians and survivors, we identified consultations leading 
to subsequent colonoscopy referrals. Based on a previous report,15 we regarded the most recent 
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office visit claim submitted by the referring physician within 90 days before colonoscopy as 
the referral visit. Referral visit claims could be missing in cases where there were no office visit 
claims submitted by the referring physicians. For example, physicians may refer a patient for 
colonoscopy through a phone consultation or an e-mail reminder. Even in this case, it is likely 
that there existed at least one indirect communication between the referring physician and the 
patient to determine whether a follow-up test was needed for the patient. In order to obtain 
what information the physician observed during this indirect communication, we collected all 
office visit claims for the patients submitted by other doctors within 90 days before 
colonoscopy and extracted clinical information, such as whether the patient had colorectal-
related symptoms, from these other claims. This approach is based on the assumption that the 
referring physician gained access to the same patient information available from other claims 
around the same time. Finally, we were concerned that an office visit with the same physician 
may be repeated at intervals of several days. Frequent office visits in a short interval may not 
be appropriate for analyzing referral patterns. Therefore, we combined office visits within a 
clinically reasonable 60-day time window.  
 
 

Test Results and Physician and Patient Characteristics 
 
In much of the existing literature, test results are defined based on whether endoscopists 
performed a biopsy, polypectomy, or fulgaration during colonoscopy.14,16,17 These studies 
acknowledge that findings from colonoscopies with polypectomies or other procedures 
may turn out to be benign, and hence this measure may overestimate positive test results.16 
Furthermore, endoscopists tend to harvest colon tissue and examine it without any visual 
findings of abnormalities for these high-risk patients. We therefore considered a positive 
colonoscopy test result as any test followed by claims of surgical resection, chemotherapy, 
or radiation therapy with a diagnosis code of 153 (colon cancer) and 154 (rectal cancer) 
within 60 days after a colonoscopy.18–20 In addition, we identified colonoscopies associated 
with claims for additional imaging tests with a diagnosis code of 153 and 154 for confirming 
metastasis (e.g., abdominal CT, abdominal MRI, abdominal ultrasound, bone scan, chest 
CT, liver CT, liver ultrasound, PET scan, pelvic CT, and pelvic MRI), since it is possible that 
patients identified with a recurrence might not be candidates for further treatment if 
recurrent cancer had already metastasized. 
 
We extracted physician characteristics from the American Medical Association (AMA) 
Physician Masterfile. Physician characteristics included specialty (gastroenterologist, 
surgeon, oncologist, primary care physician, other), years of experience (10 years or less, 11-
20 years, 21-30 years, 31-40 years, 41 years or more), type of medical practice (solo, two-
physician, group practice, other), gender, and whether the physician was trained in the U.S.  
 
We obtained patient demographic information such as urban status, gender, race (white, 
black, Hispanic, other) and age from the TCR data. Information to define the components 
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of the Charlson comorbidity index was obtained from the carrier files, outpatient files, and 
MEDPAR files in the year 2000, the first year of study period. Site of the primary tumor 
and tumor grade were collected from TCR data. Stage (lymph node involvement, organ 
metastasis) was extracted from the diagnosis codes in Medicare claims.21 We identified any 
colorectal-related symptoms, such as diarrhea, abdominal pain, etc., at the time of 
consultation as previously reported.14 We also considered information on whether the 
colonoscopy referral was earlier than recommended by the U.S. Multi-Society Task Force 
on Colorectal Cancer and the American Cancer Society. As described above, the medical 
guideline for colorectal cancer survivors recommends that additional follow-up 
colonoscopies after the first follow-up test should be performed at an interval of three to 
five years after a normal test result. We defined  the second and third colonoscopy referrals 
to be early if the visit in which the referral had been given was any time from three months 
to two years after a previous normal colonoscopy.14 Finally, we looked for diagnosis codes 
for other types of cancer, as the existence of a tumor in other organs may affect medical 
decisions for a colonoscopy.    

 

Statistical Analysis 
 
Descriptive statistics were used for analyzing baseline characteristics of the study 
population. We fitted two logistic regression models to identify determinants explaining 
the patterns of colonoscopy referrals and subsequent test results. The first regression 
analyzed which factors were associated with physicians' referral decisions. The second 
regression explored the variation in test results and showed which covariates affected ex-
post findings. Side-by-side comparison of the effects of patient characteristics, physician 
characteristics, and clinical factors on referral decisions and the results revealed whether 
each determinant was associated with medical decisions for testing and their subsequent 
results in the same direction. 
 
Regressions were estimated using the logistic command in Stata 13.1 (Stata-Corp, College 
Station, TX) with robust standard errors that accounted for clustering of patient data by 
referring physician. Year and hospital referral region (HRR) fixed effects were included to 
account for unobserved heterogeneity over space and time. Ninety-five percent confident 
intervals (CI) and significance of estimates were reported for the estimates. 
 

Results 
 
Descriptive statistics on cancer survivors and physicians are presented in Table 1. 
Interestingly, a variety of physicians in different specialties were involved in colonoscopy 
referral decisions. Primary care physicians made the most colonoscopy referrals (69.5%), 
but physicians in other specialties including gastroenterologists (10.1%), oncologists (6.9%), 
and surgeons (7.6%) also referred their patients for testing. Figure 1 shows that referral rates 
vary within and across physician specialties. 
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Table 1. Descriptive Statistics of Patient, Physician, and Clinical Variables Associated with 
Test Referral Office Visit Claims for Colorectal Cancer Survivors 
 
Basic descriptive statistics  

Patient information Clinical information Physician information 
Urban status Primary location Gender 

Urban 2,083 (83.0%) Colon 1,967 (78.4%) Male 1,629 (85.5%) 
Rural 427 (17.0%) Rectum 543 (21.6%) Female 276 (14.5%) 

Gender Primary cancer stage Specialty 

Male 1,199 (47.8%) Localized 2,039 (81.2%) 
Primary Care 
doctor 

1,324 (69.5%) 

Female 1,311 (52.2%) 
Lymph nodes 
involved 

348 (13.9%) Gastroenterologist 193 (10.1%) 

Race/ethnicity Metastasized 123 (4.9%) Oncologist 132 (6.9%) 
White 2,041 (81.3%) Primary cancer grade Surgeon 145 (7.6%) 

Black 154 (6.1%) 
Well 
differentiated 

223 (8.9%) Others 111 (5.8%) 

Hispanic 209 (8.3%) 
Moderately 
differentiated 

1,637 (65.2%) Type of practice 

Other 106 (4.2%) 
Poorly 
differentiated 

338 (13.5%) Solo 532 (27.9%) 

Age at 1st diagnosis Undifferentiated 15 (0.6%) 
Two-physician 
practice 

90 (4.7%) 

66~69 608 (24.2%) Not applicable 297 (11.8%) Group practice 1.015 (53.3%) 
70~74 758 (30.2%)    Other 268 (14.1%) 
75~79 677 (27.0%)    Training location 
80+ 467 (18.6%)    United States 1,462 (76.8%) 
      Not United States 443 (23.3%) 
      Physician experience 
      0~10 years 160 (8.4%) 
      11~20 years 571 (30.0%) 
      21~30 years 636 (33.4%) 
      31~40 years 402 (21.1%) 
      41 years +  136 (7.1%) 
         
         
         
         
         
         
N 2,510  N 2,510  N 1,905  

 
Source: Authors 
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Figure 1. Histograms of Referral Rates 
 

 

Source: Authors 

Note: The calculation for each doctor’s referral rate was based on how many patients (s)he consulted 
with, and how many referrals (s)he made for her/his patients. Referral rates were plotted by physician 
specialty. 
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Table 2 presents descriptive statistics of colonoscopy referrals and results stratified by 
patient, physician, and clinical characteristics. First, there exists no noticeable difference in 
referral rates by race/ethnicity, but black survivors tended to receive higher positive test 
results (14.3%) than others. Moreover, physicians were more likely to refer when survivors 
had colorectal-related symptoms (20.4%), as expected, but colorectal indications were not 
strongly correlated with test results. A total of 9.6% referrals occurred even when there were 
no medical indications and the timing of referral was earlier than guidelines recommended.  
 
Table 2. Descriptive Statistics of Colonoscopy Referrals & Results by Patient, Physician, and 
Clinical Factors  
 

 Test Referral Test Results 
Patient Urban Status Urban Status 

Urban 2,862/26,884 (10.6%) Urban 263/2,862 (9.2%) 
Rural 613/4,776 (12.8%) Rural 47/613 (7.7%) 

Gender Gender 
Male 1,687/14,730 (11.5%) Male 151/1,687 (9.0%) 
Female 1,788/16,930 (10.6%) Female 159/1,788 (8.9%) 

Race/ethnicity Race/ethnicity 
White 2,842/25,739 (11.0%) White 242/2,842 (8.5%) 
Black 203/1,912 (10.6%) Black 29/203 (14.3%) 
Hispanic 281/2,861 (9.8%) Hispanic 26/281 (9.3%) 
Other 149/1,148 (13.0%) Other 13/149 (8.7%) 

Age at the 1st diagnosis Age at the 1st diagnosis 
66~69 877/7,476 (11.7%) 66~69 85/877 (9.7%) 
70~74 1,067/9,346 (11.4%) 70~74 98/1,067 (9.2%) 
75~79 924/8,868 (10.4%) 75~79 78/924 (8.4%) 
80+ 607/5,970 (10.2%) 80+ 49/607 (8.1%) 

Physician Gender Gender 
Male 3,050/28,021 (10.9%) Male 265/3,050 (8.7%) 
Female 425/3,639 (11.7%) Female 45/425 (10.6%) 

Specialty Specialty 
Primary Care doctor 2,080/20,611 (11.7%) Primary Care doctor 182/2,080 (8.8%) 
Gastroenterologist 604/1,573 (38.4%) Gastroenterologist 46/604 (7.6%) 
Oncologist 297/6,259 (4.7%) Oncologist 48/297 (16.2%) 
Surgeon 342/1,690 (20.2%) Surgeon 25/342 (7.3%) 
Others 152/1,527 (10.0%) Others 9/152 (5.9%) 

Type of practice Type of practice 
Solo 952/8,938 (10.7%) Solo 89/952 (9.3%) 
Two-physician 
practice 

189/1,354 (14.0%) Two-physician 
practice 

17/189 (9.0%) 

Group practice 1,864/17,678 (10.5%) Group practice 155/1,864 (8.3%) 
Other 470/3,690 (12.7%) Other 49/470 (10.4%) 

Training location Training location 
United States 2,662/24,472 (10.9%) United States 229/2,662 (8.6%) 
Not United States 813/7,188 (11.3%) Not United States 81/813 (10.0%) 

Physician experience Physician experience 
0~10 years 250/2,494 (10.0%) 0~10 years 22/250 (8.8%) 
11~20 years 1,017/9,116 (11.2%) 11~20 years 88/1,017 (8.7%) 
21~30 years 1,219/11,841 (10.3%) 21~30 years 114/1,219 (9.4%) 
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31~40 years 766/6,492 (11.8%) 31~40 years 66/766 (8.6%) 
41 years +  223/1,717 (13.0%) 41 years +  20/223 (9.0%) 

Clinical Primary location Primary location 
Colon 2,721/25,149 (10.8%) Colon 230/2,721 (8.5%) 
Rectum 754/6,511 (11.6%) Rectum 80/754 (10.6%) 

Primary cancer stage Primary cancer stage 
Localized 2,836/25,545 (11.1%) Localized 182/2,836 (6.4%) 
Lymph nodes 
involved 

477/4,735 (10.1%) Lymph nodes 
involved 

85/477 (17.8%) 

Metastasized 162/1,380 (11.7%) Metastasized 43/162 (26.5%) 
Primary cancer grade Primary cancer grade 

Well differentiated 324/2,848 (11.4%) Well differentiated 25/324 (7.7%) 
Moderately 
differentiated 

2,259/20,922 (10.8%) Moderately 
differentiated 

203/2,259 (9.0%) 

Poorly differentiated 459/4,309 (10.7%) Poorly differentiated 52/459 (11.3%) 
Undifferentiated 20/164  

(12.2%) 
Undifferentiated 3/20 (15.0%) 

Not applicable 413/3,417 (12.1%) Not applicable 27/413 (6.5%) 
Medical Indications & Guideline Compliance Medical Indications & Guideline Compliance 

Indication  660/3,242 (20.4%) Indication  74/660 (11.2%) 
early referral  2,045/19,255 (10.6%) early referral  212/2,045 (10.4%) 
Cancer diagnosis 974/9,223 (10.6%) Cancer diagnosis 106/974 (10.9%) 
Colorectal cancer 
diagnosis  

715/7,504 (9.5%) Colorectal cancer 
diagnosis  

85/715 (11.9%) 

Bad referral 1,660/17,327 (9.6%) Bad referral 160/1,660 (9.6%) 
N Test Referral 3,475/31,660 (11.0%) Test Result 310/3,475 (8.9%) 

 

Source: Authors 

 
The most conspicuous finding was the difference in referral rates and test results across 
physician specialties. The higher referral rates of gastroenterologists (38.4%) and surgeons 
(20.2%) were contrasted with the low rates of others, especially oncologists (4.7%). 
Surprisingly, those higher referral rates did not lead to significantly higher positive test 
results. We presumed that if higher referral rates of GI doctors or surgeons are due to their 
patient case mix, i.e., more high-risk survivors are likely to consult with those doctors, then 
higher recurrence rates should follow. However, tests referred by GI doctors (7.6%) or 
surgeons (7.3%) generated a lower rate of positive results than oncologists (16.2%) and others 
(PCP, 8.8%; other specialties, 5.9%). To further explore this result, we modified our main 
regression models by adding interaction terms of physician specialties with either 
indicators for early referral, or medical indications for referral. The interaction terms of 
physician specialty and early referral (“specialty � early” in Table 3, Model B) indicate 
which physicians were likely to refer a colonoscopy earlier than recommended. Because 
we have additional interaction terms of physician specialty and medical indications 
(“specialty � indications” in Table 3, Model B), “specialty � early” terms specifically show 
which physicians make a referral for a colonoscopy earlier than recommended and 
“without any medical indications.” We label these test referrals as “unwarranted referrals.”



 

Table 3. Regression results   

 Model A, (a) 
 – Test Referrals 

Model A, (b) 
– Test Results 

Model B, (a) 
 – Test Referrals 

Model B, (b) 
– Test Results 

 Odds 
ratio 

p-
value 95% C.I. Odds 

ratio 
p-

value 95% C.I. Odds 
ratio 

p-
value 95% C.I. Odds 

ratio 
p-

value 95% C.I. 

Patient info             
Urban status (reference: urban) 

Rural 1.32 *** [1.16,1.49] 0.84  [0.57,1.23] 1.33 *** [1.17,1.51] 0.83   [0.57,1.23] 
Gender (reference: male) 

Female 0.91 * [0.84,0.99] 0.91  [0.71,1.18] 0.89 ** [0.82,0.97] 0.92   [0.71,1.19] 
Race/ethnicity (reference: white) 

Black 0.95  [0.80,1.13] 1.7 * [1.07,2.70] 0.96   [0.80,1.15] 1.65 * [1.04,2.62] 
Hispanic 0.94  [0.79,1.11] 0.94  [0.58,1.53] 0.91   [0.77,1.08] 0.96   [0.59,1.56] 
Others 1.27 * [1.02,1.57] 1.15  [0.62,2.13] 1.27 * [1.03,1.58] 1.15   [0.62,2.14] 

Age, years (reference: 66~69) 
70~74 1.17  [0.98,1.38] 0.94  [0.57,1.56] 1.18   [0.99,1.39] 0.94   [0.57,1.57] 
75~79 1.08  [0.91,1.29] 0.8  [0.47,1.34] 1.09   [0.91,1.29] 0.8   [0.48,1.35] 
≥80 0.98  [0.82,1.16] 0.73  [0.44,1.21] 0.97   [0.81,1.15] 0.73   [0.44,1.22] 

Clinical info             
Primary location (reference: colon) 

Rectum 1.1  [0.99,1.22] 1.41 * [1.05,1.89] 1.1   [0.98,1.22] 1.4 * [1.04,1.88] 
Comorbidity (reference: comorbidity = 0) 

1 0.89 * [0.81,0.99] 1.04  [0.77,1.40] 0.89 * [0.80,0.99] 1.03   [0.76,1.39] 
2+ 0.8 ** [0.70,0.92] 0.89  [0.58,1.37] 0.79 ** [0.69,0.91] 0.89   [0.58,1.37] 

Indications (reference: no symptoms) 
Symptoms 1.95 *** [1.71,2.22] 1.44 * [1.08,1.93] 2.1 *** [1.81,2.43] 1.41   [0.97,2.07] 

Timing of visit (reference: not early) 
Early 1.04  [0.96,1.13] 1.59 ** [1.21,2.10] 0.94   [0.85,1.03] 1.58 ** [1.15,2.17] 

Tumor in other organs (reference: no tumor in other organs) 
Tumor 1.41 *** [1.22,1.64] 1.18  [0.90,1.54] 1.24 ** [1.07,1.44] 1.17   [0.90,1.53] 

Primary cancer stage (reference: regional) 
Lymph Node involved 1.02  [0.90,1.15] 3.12 *** [2.32,4.21] 0.99   [0.87,1.12] 3.18 *** [2.36,4.28] 

Metastasized 1.13  [0.90,1.41] 5.46 *** [3.57,8.35] 1.07   [0.86,1.33] 5.52 *** [3.61,8.42] 
Primary cancer grade (reference: well differentiated) 

Moderately 
differentiated 

0.99  [0.85,1.16] 1.05  [0.66,1.67] 0.96   [0.82,1.11] 1.07   [0.67,1.70] 

Poorly differentiated 0.99  [0.83,1.19] 1.06  [0.61,1.84] 0.97   [0.81,1.17] 1.08   [0.62,1.86] 
Undifferentiated 1  [0.58,1.71] 2.11  [0.45,9.91] 0.93   [0.53,1.63] 2.12   [0.45,9.94] 
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Not applicable 1.02  [0.85,1.22] 0.76  [0.41,1.40] 1.01   [0.84,1.22] 0.75   [0.40,1.37] 
Physician info             

Physican gender (reference: male) 
Female 1.21 ** [1.06,1.38] 1.16  [0.79,1.70] 1.13   [0.98,1.31] 1.19   [0.81,1.74] 

Type of practice (reference: solo practice) 
Two-physician practice 1.41 * [1.08,1.85] 0.93  [0.55,1.57] 1.43 * [1.05,1.95] 0.94   [0.56,1.59] 

Group practice 1.04  [0.92,1.17] 0.78  [0.58,1.05] 1.01   [0.89,1.15] 0.78   [0.57,1.05] 
Other 1.32 ** [1.10,1.59] 0.95  [0.64,1.43] 1.25 * [1.04,1.50] 0.98   [0.66,1.47] 

Physician  experience, years (reference: experience 1-10 years) 
11-20 1.04  [0.88,1.23] 0.89  [0.53,1.49] 1.08   [0.91,1.29] 0.88   [0.53,1.48] 
21-30 1.04  [0.87,1.23] 0.9  [0.54,1.51] 1.02   [0.86,1.22] 0.92   [0.55,1.53] 
31-40 1.06  [0.89,1.28] 0.89  [0.52,1.53] 1.07   [0.88,1.28] 0.92   [0.54,1.56] 

41+ 1.37 * [1.08,1.74] 0.97  [0.48,1.95] 1.35 * [1.06,1.73] 0.96   [0.47,1.93] 
Training location (reference: United States) 

Not United States 0.96  [0.84,1.10] 1.07  [0.80,1.44] 1   [0.87,1.14] 1.05   [0.78,1.40] 
Specialty (reference: primary care physician) 

GI 4.95 *** [4.01,6.11] 0.82  [0.55,1.23]       
Oncologist 0.36 *** [0.30,0.43] 1.62 ** [1.12,2.34]       

Surgeon 2.14 *** [1.69,2.70] 0.79  [0.47,1.33]       
Others 0.98  [0.79,1.23] 0.65  [0.32,1.32]       

Specialty�Early 
GI �Early       5.6 *** [4.22,7.43] 0.81   [0.50,1.32] 

Oncologist�Early       0.38 *** [0.31,0.47] 1.86 * [1.16,3.00] 
Surgeon�Early       1.78 *** [1.35,2.35] 1   [0.57,1.75] 
Others�Early       0.74 * [0.57,0.97] 0.57   [0.22,1.45] 

Specialty�Indications 
GI �Indications       0.82   [0.57,1.18] 1.45   [0.74,2.86] 

Oncologist�Indications       0.87   [0.58,1.31] 0.72   [0.30,1.74] 
Surgeon�Indications       1.11   [0.69,1.79] 0.49   [0.15,1.62] 
Others�Indications       4.37 *** [2.70,7.08] 1.42   [0.38,5.30] 

N 31,660   3,459   31,660   3,459   
 
Note: Early = visits 3 months ~ 2 years post normal test result  
∗: p < 0.05,∗∗:* < 0.01,∗∗∗:* < 0.001 
 
Source: Authors 



 

Regression results showing which patient, physician, and clinical factors affected 
colonoscopy referral decisions are presented in Table 3 (Model A, [a]). Although black 
survivors and white survivors had similar referral rates, the former were more likely to 
have positive test results (OR=1.7; 95% CI 1.07-2.70). Female survivors were less likely to 
undergo a colonoscopy than males (OR=0.91; 95% CI 0.84-0.99), while survivors in rural 
areas were more likely to be referred than those in urban areas (OR=1.32; 95% CI 1.16-1.49). 
More colonoscopy referrals were provided when patients presented with colorectal-related 
symptoms (OR=1.95; 95% CI 1.71-2.22). In addition, a tumor in another organ was more 
likely to trigger a test referral (OR=1.41; 95% CI 1.22-1.64). However, medical guidelines 
seemed not to affect colonoscopy referrals. Physician visits that occurred between three 
months to two years after a previous normal test result were not correlated with a 
colonoscopy referral (OR=1.04; 95% CI 0.96-1.13).  Certain physician characteristics were 
associated with colonoscopy referral decisions. For example, older physicians with more 
than 40 years of experience were more likely to refer survivors for a colonoscopy (OR=1.37; 
95% CI 1.08-1.74). Different referral patterns across physician specialties are particularly 
interesting. When compared to primary care doctors, gastroenterologists were much more 
likely to refer survivors for a colonoscopy (OR= 4.95; 95% CI 4.01-6.11) than oncologists 
(OR=0.36; 95% CI 0.30-0.43). Surgeons were also inclined to refer more than primary care 
doctors (OR=2.14; 95% CI 1.69-2.70).   
 
However, test result patterns across physician specialties are different from referral 
patterns. Model A, [b)] in Table 3 reveals which factors predicted test results. When 
compared to primary care doctors, colonoscopies referred by oncologists were more likely 
to detect locoregional recurrence (OR=1.62; 95% CI 1.12-2.34). However, colonoscopies 
referred by surgeons and GI doctors did not generate significant recurrence findings. 
Medical indications led to more positive test results (OR=1.44; 95% CI 1.08-1.93). An 
advanced cancer stage was likely to increase the probability of positive results. Finally, 
early referrals are associated with higher positive test results (OR=1.59; 95% CI 1.21-2.10). It 
may seem contradictory to follow the medical guidelines, but survivors are still in a follow-
up period; cancer may recur during the early follow-up period.  
 
The interaction terms between physician specialty and “early” (Table 3, Model B, [a]) 
suggest that compared to primary care physicians, GI doctors (OR=5.6; 95% CI 4.22-7.43) 
and surgeons (OR=1.78; 95% CI 1.35-2.35) were more likely to refer survivors for tests earlier 
than recommended without any indications, i.e., unwarranted referrals. Again, these 
physicians did not show superior performance in identifying potential cancer recurrence 
(Model B, [b]). Only referrals by oncologists resulted in a higher rate of positive results 
compared to primary care physicians (OR=1.86; 95% CI 1.16-3.00).  
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Discussion 
 
Although advanced treatment techniques, vigilant screening, and follow-up tests have 
improved cancer survival rates, rising cancer-related costs impose a heavy burden on efforts 
to cure disease. Continuous assessment of medical resource utilization in cancer care will 
enhance the efficiency of care. To promote optimal resource use, this study investigated 
referral patterns of follow-up colonoscopies for colorectal cancer survivors and their  
test results. 
 
Our analysis confirmed that multiple patient characteristics, clinical factors, and physician 
characteristics influenced referral patterns of colonoscopies for cancer survivors. There are 
significant differences in referral patterns and test results across referring physician 
specialties.  Gastroenterologists tended to initiate more frequent tests for survivors, but 
yielded lower positive results than other physician specialty groups. Meanwhile, colonoscopy 
referrals by oncologists yielded higher positive results.  
 
Previous studies have observed a significant degree of both underuse and overuse of follow-
up colonoscopies for colorectal cancer survivors.7–12 One study showed that about 30% of 
follow-up colonoscopies were performed earlier than the guidelines recommend for cases 
without any related symptoms (from the Surveillance, Epidemiology and End Results 
[SEER]-Medicare linked database for the years 1992 to 2005).14  We also found that about 
38.6% of colonoscopies were performed before the period recommended by the guidelines 
for patients without colorectal-related symptoms (i.e., overuse of surveillance colonoscopy). 
However, the question of who initiated a follow-up colonoscopy and how referral patterns 
were related to test results remained unanswered.  
 
Referrals may depend on multiple factors (e.g., the patients' insurance policy, doctor-patient 
relationship, etc.). In many cases, first-point-of-contact doctors, such as primary care doctors 
or oncologists, play an important role in recommending the test.14 However, other scenarios 
are possible. For instance, it is possible that patients themselves contact a provider qualified 
to perform an endoscopy, such as a gastroenterologist or surgeon, without a referral. 
Alternatively, other types of specialists can refer a patient for a surveillance colonoscopy. 
 
One explanation for the high referral rate of gastroenterologists is that they are specialists 
trained to meet with patients at high risk for gastroenterological diseases. Their relatively 
high rates of symptomatic patients compared to other doctors support this argument. 
However, our data show that colonoscopy referral rates vary, even among 
gastroenterologists. Moreover, their rate of positive test results was the lowest among all 
physicians. If the high referral rate of gastroenterologists were associated with a higher risk 
of cancer recurrence, then rates of positive results should have been higher than those of 
other physicians. Our findings imply that other factors not related to the actual risk of cancer 
recurrence may influence physicians' colonoscopy decisions. 
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Some European studies investigated whether referring physician characteristics, mainly 
medical specialty, influence rates of deviation from guidelines for the timing and targeting 
of colonoscopies.23–26 The results were inconclusive, ranging from no difference to a 
significant difference by physician specialty; studies usually reported a lower rate of 
inappropriate colonoscopies referred by gastroenterologists, if at all. Less attention has 
been paid to the effect of referring physician behavior on colonoscopy use in the  
United States. It may be difficult to track referrals of medical services in the multi-pathway 
American system, in contrast to the integrated health care system in many  
European countries.  
 
Ideally, when a patient is anxious about a recurrence, but a colonoscopy referral would be 
earlier than recommended and a patient does not present any symptoms, a physician may 
refer him for other less-invasive tests prior to a colonoscopy. We found that a sizable 
portion of colonoscopy claims are not preceded by other test claims, demonstrating the 
underuse of other less-invasive and less-expensive tests for an efficient use of a 
colonoscopy. Additionally, self-referral, where patients meet with gastroenterologists 
without prior referral, prevails in medical practice. Active communication between 
primary care physicians or oncologists and endoscopists may facilitate a more efficient and 
appropriate use of colonoscopies.  
 
There may be several limitations in our study. To the best of our knowledge, this is the  
first study to use referring physician information in colonoscopy Medicare claims data. 
Unfortunately, about 12.8% of colonoscopy claims were excluded from our analysis due  
to missing referring physician information. The cases of a missing referring physician in 
claims may occur randomly. However, we acknowledge that our results may be biased if 
claims without a referring physician are for patients who differ from those in claims with a 
referring physician. Under the Affordable Care Act, the CMS strengthened the requirement 
of referring physician information when physicians submit Medicare claims.27  
Therefore, future studies should have access to more complete information. Our analysis 
represents an important first step in extracting the value of this information from 
population-scale data.  
 
In addition, our analysis may suffer from the multiple avenues for colonoscopy referrals. 
We reasonably assume that a referring physician may have at least one chance to talk to 
their patients, or consult with them in an office. Identifying test referral visits or 
consultations by referring physicians in our analysis depends on this assumption. However, 
it may be possible that other routes to a colonoscopy exist that may not be observed in 
Medicare claims.  
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