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Original Contribution

Oncologists’ Experiences With Drug Shortages

By Kenneth L. Kehl, MD, Stacy W. Gray, MD, Benjamin Kim, MD, Katherine L. Kahn, MD,
David Haggstrom, MD, MAS, Maryse Roudier, MPH, and Nancy L. Keating, MD, MPH
The University of Texas MD Anderson Cancer Center, Houston, TX; Dana-Farber Cancer Institute; Frontier Science &
Technology Research Foundation; Harvard Medical School; Brigham and Women’s Hospital, Boston, MA; University of
California San Francisco, San Francisco; University of California Los Angeles, Los Angeles; RAND Corporation, Santa Monica,
CA; Veterans Affairs (VA) Health Services Research & Development, Roudebush VA; and Indiana University School of
Medicine, Indianapolis, IN

Abstract
Purpose: There have been numerous reports of shortages of inject-
able drugs for cancer in the last decade. We assessed physician expe-
riences with drug shortages in a population-based cohort of medical
oncologists caring for patients with lung or colorectal cancer.

Methods: We surveyed medical oncologists caring for patients with
lung or colorectal cancer in the Cancer Care Outcomes Research and
Surveillance Consortium from 2012 to 2013 (participation rate, 53%).
Oncologists reported experiences with shortages of leucovorin, fluo-
rouracil, dexamethasone, cyanocobalamin, paclitaxel, cisplatin, and
etoposide in the prior year and whether they had used a less-effective
alternative because of a shortage. We used multivariable logistic re-
gression toassess forassociationsbetweenphysicianorpracticechar-
acteristics and encountering shortages.

Results: Among 330 respondents, 74% reported experiences
with a shortage of at least one drug in our survey, and 28%

reported using a less-effective alternative because of a shortage.
Although physician demographic characteristics did not predict
reports of drug shortages, practice characteristics did. Veterans
Affairs (VA) oncologists were less likely to report experiencing any
shortage than oncologists in single-specialty group practice
(odds ratio [OR], 0.4; 95% CI, 0.2 to 0.9). The reported use of a
less effective alternative to any drug was also less common
among VA oncologists (OR, 0.3; 95% CI, 0.1 to 0.9) and oncol-
ogists affiliated with health maintenance organizations (OR, 0.4;
95% CI, 0.2 to 0.9) compared with physicians in single-specialty
groups.

Conclusion: Most oncologists encountered drug short-
ages in the year before our survey, but experiences with short-
ages varied with practice structure. Further research is
needed to quantitatively assess the impact of drug shortages
on patients and evaluate various strategies for managing
them.

Introduction
The number of drug shortages in the United States has in-
creased significantly over the past decade.1 Injectable generic
drugs, particularly medications for cancer, have been especially
affected.2-7 There have been shortages of numerous drugs that
play important roles in treating adult and pediatric cancers,
including leucovorin, bleomycin, cisplatin, liposomal doxoru-
bicin, etoposide, vinblastine, vincristine, paclitaxel, cytarabine,
and methotrexate.2,3,6,8 Substitutions of alternative medica-
tions for unavailable drugs have been associated with increased
cost of care,3,9-11 emergence of a so-called gray market for ge-
neric medications sold with a significant markup,3,7,9,12 in-
creased medication errors,13,14 impaired clinical trial accrual,13

and negative impact on outcome in childhood Hodgkin dis-
ease.15

Several factors have contributed to drug shortages, including
consolidation of generic drug production among a small num-
ber of manufacturers12; low profit potential from generic drug
production, attributed in part to 2003 Medicare reimburse-
ment changes for injectable drugs3,12; manufacturing and
distribution issues16; and increased demand for generic medi-
cations.4 The shortage problem was particularly severe from
2011 to 2012, and President Obama issued an executive order
calling for early reporting of drug shortages to the US Food and

Drug Administration and examination of price gouging prob-
lems.9 Nevertheless, although the number of new shortages has
decreased somewhat, existing shortages have persisted.17-19

Relatively few studies have assessed health professionals’ ex-
periences with drug shortages. A 2011 multi-institutional sur-
vey of hospital-based oncology pharmacists identified high rates
of reported treatment changes, increased costs, and effects on
clinical trial accrual; 22% of pharmacists reported experiences
with shortage-related therapeutic changes leading to near-miss
or actual medication errors at their institutions, including errors
in dosing conversions and wrong drug concentrations, some of
which resulted in incorrect drug administration to patients.13 A
2013 survey of hospital oncology pharmacists found that 99%
had experienced a shortage of at least one injectable oncology
drug in the last year, which had resulted in adverse safety events
and caused providers to change medications, adjust doses, delay
treatments, and prioritize some patients over others for receipt
of available drugs.19 Two reports have summarized experiences
of American Society of Clinical Oncology (ASCO) members
with drug shortages. Among 214 ASCO members surveyed
from 2012 to 2013 (response rate, 55%), 83% reported short-
ages, and many physicians reported needing to delay treatment
initiation for some patients or substitute expensive brand-name
drugsforgenericmedications.20 Theotherreportof462ASCOmem-
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bers surveyed in April 2013 found that the rate of reported ongoing
drug shortageshaddecreased fromtheprioryear,with59%of respon-
dents reporting ongoing shortages.21 However, these surveys included
only ASCO members and did not assess experiences with drug short-
ages across different practice settings.

We surveyed oncologists caring for patients enrolled in the
CanCORS (Cancer Outcomes Research and Surveillance Con-
sortium) study from 2012 to 2013 about experiences with drug
shortages. The CanCORS study is a population- and health-
system–based study of approximately 10,000 patients diag-
nosed with lung or colorectal cancer from 2003 to 2005 and
their care providers; CanCORS patients have been shown to be
representative of patients diagnosed with these cancers in the
United States.22 Oncologists who had cared for these patients
were surveyed regarding whether they had encountered short-
ages of drugs used in treating lung and colorectal cancers in
their practices and whether they had substituted equally or less
effective drugs as a result of these shortages. We also assessed the
association between oncologist practice structure and experi-
ences with these shortages.

Methods

Study Design and Participants
The CanCORS study was an observational study designed to
evaluate cancer care and outcomes among patients with lung or
colorectal cancer newly diagnosed from 2003 to 2005 and liv-
ing in one of five geographic regions (northern California, Los
Angeles County, North Carolina, Iowa, or Alabama) or receiv-
ing care in one of five health maintenance organizations
(HMOs) or one of 15 Veterans Affairs (VA) sites.23 Physicians
caring for CanCORS patients were identified from a baseline
patient survey, a follow-up survey 1 year after diagnosis, a fol-
low-up survey in 2012, and medical records; physicians were
initially surveyed from 2006 to 2008. A follow-up survey of
CanCORS medical oncologists only was performed from sum-
mer 2012 to fall 2013; this provided the data for our analysis.
We surveyed these oncologists by mail (with Internet option);
attempts to increase participation among nonrespondents in-
cluded subsequent mail and telephone contacts (Appendix, on-
line only). The American Association of Public Opinion
Research24 response rate was 46.4%, and the participation rate
among physicians for whom we had valid contact information
was 52.9%, yielding a total of 357 respondents (Appendix,
online only). We excluded 14 who reported not caring for any
patients with lung or colorectal cancer in the last year and 13
physicians who did not answer any of the questions about short-
ages of specific drugs, for a final analytic cohort of 330 medical
oncologists.

Questionnaire
Oncologists were asked about experiences with shortages of
leucovorin, fluorouracil, dexamethasone, cyanocobalamin, pac-
litaxel, cisplatin, and etoposide, chosen for their roles as chemo-
therapeutics or supportive medications for patients with lung
cancer and/or patients with colorectal cancer (Data Supple-

ment). For each drug, oncologists could respond that over the
last 12 months: “I have needed to use an equally effective alter-
native,” “I have needed to use a less effective alternative,” “I
have not been affected by the shortage,” and “I do not use this
drug.” Physicians describing the use of an equally or less effec-
tive alternative were asked to describe the number of patients
affected by each circumstance. Respondents were also asked to
provide free-text descriptions of any experiences they had with
changes in treatment or delays resulting from drug shortages;
these descriptions included experiences with shortages besides
those specifically assessed by the survey.

Physicians also reported their practice structure (categorized
as solo practice, single-specialty group practice, multispecialty
group practice, HMO affiliated, or VA site); whether they cared
for patients with lung cancer, patients with colorectal cancer, or
both those with lung cancer and those with colorectal cancer;
and age, sex, and teaching role. We also documented the date
the survey was returned.

Statistical Analysis
We assessed associations between physician and practice char-
acteristics and reports of experience with (1) any drug shortage
or (2) having to use a less effective alternative to any given
medication using �2 tests for unadjusted analyses and multivari-
able logistic regression for adjusted analyses. The regression
models included all variables as described above, categorized as
in Table 1. Multiple imputation was used to impute missing
values for independent variables (including two physicians with
missing age data, one missing sex, and one missing teaching role;
Table 1)25; we did not use imputed data for the dependent vari-
ables concerning drug shortages. A two-sided P value of less than
.05 was considered statistically significant. Analyses were per-
formed using SAS (version 9.2; SAS Institute, Cary, NC) and
STATA software (version 13; STATA, College Station, TX).

Results
Among responding oncologists, 90% had cared for both patients
with lung cancer and patients with colorectal cancer in the last year;
4% cared for patients with lung but not colorectal cancer, and 6%
cared for patients with colorectal but not lung cancer (Table 1).
Approximately one third (31%) worked in a single-specialty office
group practice, 7% in solo practice, 15% in a multispecialty office
practice, 16% in a hospital practice, 16% in an HMO setting, and
14% in a VA or government setting.

Overall, 74% of oncologist respondents reported experience
with a shortage of at least one of the specific chemotherapy or
supportive medications in our survey in the last year (Table 2).
Leucovorin shortages were reported by 66% of oncologists;
fluorouracil, by 21%; dexamethasone, by 16%; cyanocobala-
min, by 13%; paclitaxel, by 11%; cisplatin, by 8%; and etopo-
side, by 8%. Although 61% reported having to use an equally
effective alternative to at least one of these particular drugs,
28% of respondents reported having to use a less effective alter-
native. Among oncologists describing experience with at least
one shortage, the mean (� standard deviation) reported num-
ber of patients affected was 16 (� 28); among oncologists de-
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scribing the need to use a less effective alternative to at least one
drug of choice, the mean reported affected was nine (� 20).

Compared with oncologists in single-specialty office practices,
VA oncologists were less likely to report experiencing a shortage of
any of the drugs in our survey after adjustment for other physician
characteristics (odds ratio [OR], 0.4; 95% CI, 0.2 to 0.9; P � .04;
Table 3). Practitioners who cared for patients with lung but not
colon cancer in the last year were also less likely to experience a
shortage (OR, 0.2; 95% CI, 0.04 to 0.6; P � .008) than those
caring for both patients with lung cancer and patients with colo-
rectal cancer. In addition, those completing the survey after Octo-
ber 2012 versus in July or early August 2012 were less likely to
report any experience with a shortage in the last year (OR, 0.5;

95% CI, 0.3 to 0.98). However, there was no significant difference
according to survey receipt date in reports of having to use a less
effective therapy because of drug shortages. Compared with single-
specialty group practitioners, oncologists practicing in an HMO
(OR, 0.4; 95% CI, 0.2 to 0.9; P � .03) or a VA site (OR, 0.3; 95%
CI, 0.1 to 0.9; P � .04) were less likely to report having to substi-
tute a less effective alternative.

In open-ended questioning about drug shortage experiences,
22% of respondents also reported encountering a drug shortage
(including but not limited to chemotherapy drugs) in addition to
those about which we specifically asked. The most common drugs
mentioned were doxorubicin or liposomal doxorubicin, reported
by 62 physicians (19%). Including the drugs about which we spe-

Table 1. Oncologist Demographic Characteristics and Unadjusted Rates of Drug Shortage Experiences

Characteristic

All Oncologists

Those Reporting
Experience With

Any Drug Shortage

Those Reporting
Use of Less

Effective Drug
Because of
Shortage

No. % % P* % P*

Total 330 100 74.2 27.9

Type of practice .25 .01

HMO 54 16 74.1 18.5

VA/government 47 14 61.7 12.8

Office

Solo 23 7 73.9 43.5

Single-specialty group 102 31 80.4 36.3

Multispecialty group 50 15 78.0 30.0

Hospital 54 16 70.4 25.9

Patients seen in last year .03 .10

Lung cancer 13 4 46.2 15.4

Colorectal cancer 20 6 65.0 10.0

Both 297 90 76.1 29.6

Date of survey .08 .22

July 3, 2012, to August 6, 2012 162 49 78.4 32.1

August 7, 2012, to October 27, 2012 85 26 75.3 22.4

October 28, 2012, to October 29, 2013 83 25 65.1 25.3

Teaching role .53 .10

No 180 55 75.6 31.7

Yes 149 45 72.5 23.5

Missing/unknown 1 0

Age, years .45 .30

� 40 19 6 84.2 31.6

40-49 87 26 71.3 19.5

50-54 54 16 81.5 25.9

55-59 56 17 75.0 30.4

� 60 112 34 70.5 33.0

Missing/unknown 2 1

Sex .96 .98

Male 247 75 74.1 27.9

Female 82 25 74.4 28.1

Missing/unknown 1 0

Abbreviations: HMO, health maintenance organization; VA, Veterans Affairs.
* Calculated via �2 test.
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cifically asked and all free-text reports of shortages, a total of 79%
of respondents reported being affected by a shortage of at least one
cancer-related medication. Two oncologists described how their
practices had to conserve drugs in shortage by reserving standard
therapy for curable patients and resorting to possibly less effective
alternatives in patients with incurable disease. One oncologist de-
scribed how his or her large health care organization was able to
manage drug shortages effectively but with significant extra work
required. Four oncologists described how drug shortages interfered
with their ability to successfully treat patients on clinical trial pro-
tocols. Twelve oncologists specifically described experiencing de-
lays in patient treatment or other adverse effects on patients, and
three additional oncologists described shortages that they believed
contributed to patient deaths.

Discussion
We identified frequent experiences with drug shortages among
oncologists caring for patients with lung cancer and/or patients
with colorectal cancer, consistent with prior studies of oncolo-
gists.20,21 The most commonly reported drug in shortage was leu-
covorin, which is an important component of chemotherapy for
colorectal cancer. This reflects the practice patterns of our cohort of
physicians, most of whom cared for both patients with lung cancer
and patients with colorectal cancer; indeed, the impact of the leu-
covorin shortage likely explains why the few oncologists who did
not see patients with colorectal cancer were less likely to experience
shortages overall. We also identified differences in experiences with
shortages according to practice structure; oncologists affiliated with
managed care or governmental organizations were not as likely to
report having to use a less effective alternative to a drug in shortage,
and VA oncologists were less likely to experience any drug shortage
compared with physicians in single-specialty group practices.

These findings underscore the scope of the recent cancer drug
shortage problem and may inform strategies for ameliorating it in
the future. One possible explanation for our findings is that larger
practices and integrated health systems with a centralized formu-
lary may be better able to withstand disruptions in injectable drug

supply, possibly because they can formulate organized institutional
policies for responding to shortages. They may also have greater
leverage with pharmaceutical partners and thus be more able to
insulate themselves from short-term disruptions in the drug mar-
ket. As the clinical practice of medical oncology continues to shift
from small practices to hospitals, this may enable more concerted
institutional policies designed to mitigate the impact on patients as
well as further study of the effects of these policies on optimization
of the response to future shortages.

Although data are limited on the impact of drug shortages on
the care of patients with cancer, at least one prior analysis15 re-
ported impaired survival in patients with cancer treated with non-
standard therapy. We found that 28% of oncologists reported
substituting less effective alternatives for indicated drugs, and some
such shortages may have adversely affected patient outcomes, as
reported anecdotally by some oncologists in our study. Indeed,
some of the drugs we assessed are components of regimens used in
curative-intent therapy, such as fluorouracil and leucovorin for
patients with colorectal cancer26,27 or cisplatin for those with non–
small-cell lung cancer.28 We did not have patient-level data in this
analysis to directly assess outcomes, but some of the drugs we
assessed do not have known equally effective substitutes for partic-
ular clinical settings. For example, in medically inoperable stage
IIIA squamous cell lung cancer, potentially curative combination
chemotherapy and radiation therapy could be compromised by
shortages of cisplatin, because treatment with this drug is recom-
mended over alternative regimens containing carboplatin.28

Our study also highlights the fact that drug shortages may affect
supportive medications used in cancer treatment in addition to
chemotherapy. We found that approximately 16% of oncologists
experienced shortages of dexamethasone, and approximately 13%
experienced shortages of cyanocobalamin. Although there may be
reasonable alternatives to dexamethasone for the management or
prevention of hypersensitivity reactions, drug-associated rash, and
chemotherapy-associated nausea and vomiting, there are no ac-
cepted alternatives to injectable B12 to reduce the toxicity associ-
ated with pemetrexed.29 More work is needed to determine

Table 2. Oncologists’ Experiences With Shortages of Specific Drugs

Drug

Any Experience With Shortage
Needed to Use Equally Effective

Alternative
Needed to Use Less Effective

Alternative Not
Affected

by
Shortage

No. %

Mean No.
of Patients
Affected* SD No. %

Mean No.
of Patients
Affected* SD No. %

Mean No.
of Patients
Affected* SD No. %

Any drug 245 74 15.6 28.1 201 61 14.9 26.7 92 28 8.8 19.8 85 26

Leucovorin 216 66 13.1 14.3 167 51 13.2 12.5 49 15 11.6 17.6 101 31

Fluorouracil 68 21 9.2 12.6 57 17 8.1 9.1 11 3 13.0 14.7 252 76

Dexamethasone† 51 16 25.6 46.5 35 11 29.8 52.4 16 5 11.9 10.2 272 82

Cyanocobalamin† 42 13 7.0 12.1 20 6 8.1 12.2 22 7 5.9 12.3 277 84

Paclitaxel 35 11 5.0 3.7 26 8 5.2 3.6 9 3 4.7 4.2 285 86

Cisplatin 27 8 4.8 5.5 13 4 3.9 2.0 14 4 5.6 7.6 293 89

Etoposide 27 8 3.6 2.7 12 4 2.3 0.8 15 5 4.5 3.2 295 89

Abbreviation: SD, standard deviation.
* Among patients of the physician reporting any experience with the shortage or needing to use an alternative.
† Supportive medication.
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whether shortages of supportive medications affect the experience
of patients with cancer regarding adverse effects or quality of life.

Although our oncologist survey was not able to directly assess the
financial impact of drug shortages, it is likely that shortages described
by oncologists were associated with increased costs to patients and
payers. For example, the most commonly reported drug shortage in
our study was of leucovorin. Although an equally effective substitute
for this drug exists,30-33 the increased cost associated with levoleuco-
vorin (approximately 40� more expensive than leucovorin)3 was
likely substantial and may have contributed to increased so-called fi-
nancial toxicity34 to patients.

Finally, we observed slightly lower rates of drug shortages among
physicians responding to our survey after October 2012, possibly be-
cause of decreases in rates of new drug shortages, although this was not
associated with a decrease in the use of a less effective alternative over
time. It is possible that this temporal trend reflects an impact of the
2012 US Food and Drug Administration Safety and Innovation Act,
which included several measures intended to decrease the frequency of
drug shortages and mitigate their impact, including strengthening re-
porting requirements and allowing expedited review of applications
and inspections that might alleviate a shortage.17,18,35

Strengths of our analysis included our study sample of oncologists
caring for a representative population of patients with lung or colorec-
tal cancer in theUnitedStates22 andthecollectionofpractice structure
information, which enabled assessment of the differential impacts
stemming from drug shortages. An important limitation (as in prior
survey research into this issue) was our reliance on subjective reports
from providers of their experience with drug shortages and number of
patients affected. Because this was a survey of oncologists, we also did
not have data available for direct assessment of effects on patients.
Additionally, the 53% participation rate in our survey may limit the
generalizability of our results, although we found no significant differ-
ences in basic demographic characteristics between responders and
nonresponders (Appendix Table A1, online only). Finally, we asked
oncologists to describe whether they had to use equally versus less
effective alternatives to drugs in shortage, but this distinction may not
always have been clinically obvious for individual patients or for spe-
cific therapeutic agents.

In conclusion, we found that nearly three fourths of oncologists
surveyed from 2012 to 2013 who cared for patients with lung cancer
and/or patients with colorectal cancer had experienced shortages of at
least one of seven specific drugs commonly used in the treatment of

Table 3. Oncologists’ Experiences With Drug Shortages (n � 330; adjusted)*

Characteristic

Any Experience With Drug Shortage
Reported Using Less Effective

Alternative

OR 95% CI P OR 95% CI P

Type of practice

Office (single-specialty group) 1.0 Ref 1.0 Ref

HMO 0.6 0.3 to 1.4 .28 0.4 0.2 to 0.9 .03

VA/government 0.4 0.2 to 0.9 .04 0.3 0.1 to 0.9 .04

Office (solo) 0.9 0.3 to 2.6 .79 1.3 0.5 to 3.5 .55

Office (multispecialty group) 0.9 0.4 to 2.3 .91 0.8 0.4 to 1.8 .63

Hospital 0.8 0.3 to 1.9 .59 0.8 0.4 to 1.9 .66

Patients seen in last year

Both lung and colorectal cancers 1.0 Ref 1.0 Ref

Lung cancer only 0.2 0.04 to 0.6 .008 0.5 0.1 to 2.5 .38

Colorectal cancer only 0.5 0.2 to 1.4 .18 0.3 0.1 to 1.3 .10

Date of survey

July 3, 2012, August 6, 2012 1.0 Ref 1.0 Ref

August 7, 2012, to October 27, 2012 0.9 0.5 to 1.8 .80 0.7 0.4 to 1.4 .31

October 28, 2012, to October 29, 2013 0.5 0.3 to 0.98 .045 0.8 0.4 to 1.5 .51

Teaching role

No 1.0 Ref 1.0 Ref

Yes 1.1 0.7 to 2.0 .64 0.8 0.5 to 1.4 .48

Age, years

� 40 1.0 Ref 1.0 Ref

40-49 0.3 0.1 to 1.3 .12 0.4 0.1 to 1.5 .19

50-54 0.5 0.1 to 2.6 .45 0.6 0.2 to 2.0 .37

55-59 0.3 0.1 to 1.5 .15 0.7 0.2 to 2.5 .57

� 60 0.2 0.1 to 1.0 .06 0.7 0.2 to 2.5 .61

Sex

Male 1.0 Ref 1.0 Ref

Female 1.0 0.5 to 1.9 .96 1.2 0.7 to 2.2 .52

Abbreviations: HMO, health maintenance organization; OR, odds ratio; Ref, referent; VA, Veterans Affairs.
* Using multivariable logistic regression, adjusting for all variables in rows of table.
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these malignancies. More than one quarter reported having to pre-
scribe a less effective drug as an alternative to one of these agents.
Experiences with shortages were somewhat less common among on-
cologists working in integrated health systems. Ultimately, continued
and concerted efforts to decrease the scope of the drug shortage prob-
lem in cancer care and evaluation of its impact on patient outcomes
will be required.
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Appendix
CanCORS II Medical Oncologist Survey
Development and Administration

Survey Development
The CanCORS (Cancer Outcomes Research and Surveil-

lance Consortium) II physician survey was designed to collect
information from medical oncologists about their use of molec-
ular biomarkers and biologic therapies as well as survivorship
care. The survey also collected information about practice char-
acteristics and financial arrangements and physicians’ demo-
graphics. When possible, items were taken (or adapted) from
previously developed instruments, including the CanCORS I
physician survey. When items were not available from prior
surveys, new questions were developed.

The survey also included two experiments where vignettes
were modified in different versions of the survey instrument.
The first randomly assigned respondents to receive different
versions of the vignette in which a question asking about Lynch
syndrome testing varied by the family history of the patient
(strong family history of colon cancer, modest family history
[eg, uncle who had colon cancer at age 62 years], and no family
history of colon cancer). These scenarios roughly followed the
Amsterdam recommendations for screening for Lynch syn-
drome and also addressed recommendations that suggest that
all individuals age � 60 years should be screened. The second
experiment asked about epidermal growth factor receptor test-
ing for lung cancer and varied the race/ethnicity of the patient
in question (white v Asian v black). EGFR mutations are quite
prevalent in Asian women and less so in whites versus blacks.
Some believe that mutation rates in blacks are much lower than
in whites, but more recent data suggest that they are probably
similar.

The survey instrument underwent cognitive testing by
survey development staff at Westat (Rockville, MD), fol-
lowed by revisions to the instrument to improve clarity and
decrease the length. Questions were dropped if they were
difficult to answer, were not likely to provide data with
variation, or were of lower priority. A Web-based version of
the survey was also developed. The full survey instrument is
available at https://www.cancors.org/public/servlets/open/
home/home.cmd.

Cohort
The target population included medical oncologists who

have cared for patient participants in CanCORS. The Can-
CORS patient cohort is a population-based cohort of individ-
uals diagnosed with lung or colorectal cancer from 2003 to
2005 at one of the participating sites (eight counties in northern
California, Los Angeles County, state of Iowa, state of Alabama,
22 counties in central/eastern North Carolina, five integrated
delivery systems, and 10 Veterans Affairs medical centers). Can-
CORS participants are similar to patients diagnosed with can-
cer in the United States as a whole.22

In the original baseline patient survey, we identified physi-
cians who played important roles in each patient’s care, includ-
ing physicians who discussed and/or provided surgery,
chemotherapy, or radiation therapy; providers important in re-
ferring patients to surgeons (patients with lung cancer only);
chemotherapy providers or radiation therapy providers; and
providers most likely to know if the patient had a symptom. We
focused this second physician survey on chemotherapy provid-
ers or physicians reported as filling other roles but who self-
identified as medical oncologists in the CanCORS I physician
survey. We also surveyed additional medical oncologists who
were identified in the CanCORS I or CanCORS II medical
record abstractions and any medical oncologists identified in
the CanCORS II survey of patients with advanced cancer, con-
ducted from 2010 to 2011. Physicians were ineligible if they
were deceased, no longer in practice, or not medical oncologists.

Survey Administration Procedures
In late June through August 2012, physicians were mailed a

self-administered questionnaire. The questionnaire was accom-
panied by a cover letter cosigned by the director of the National
Cancer Institute and the medical director of the American Can-
cer Society. Surveys were mailed by first-class mail with a
stamped, preaddressed return envelope. Physicians were also
given the option of responding to the survey via a secure Web
site, after logging in with a username and password. Each survey
was coded with a unique identifier to be used to link providers
with patients and for follow-up of nonresponders. Each mailing
also contained a $50 check incentive.

Three weeks after the initial mailing, another copy of the
survey and cover letter was sent by first-class mail to all nonre-
sponders. Approximately 2 weeks later, a research assistant
placed telephone calls to the offices of nonresponding physi-
cians to verify that the survey had been received, encourage
physicians to complete and return it, and offer to mail or fax a
replacement questionnaire. Research assistants also verified the
specialty of nonresponding physicians. Up to four attempts
were made to reach each nonresponding physician. From April
through May 2013, a third mailing of the survey and cover
letter was sent to nonresponding physicians with an additional
$50 check.

Data Entry
For Web-based survey responses (10% of responses), data

were entered directly into the statistical coordinating center
database from the Web survey instrument. For paper survey
responses, surveys were first reviewed for legibility before data
entry; data were then entered by experienced staff at the statis-
tical coordinating center into a Web version of the instrument
specifically designed for data entry.

Response Rates
We calculated American Association for Public Opin-

ion Research (AAPOR) response rates. The AAPOR defini-
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tion of response rate matches our absolute response rate. The
AAPOR suggests a calculation for the cooperation rate
(No. responded/[No. responded � No. refused � No.
died]; http://www.aapor.org/uploads/Standard_Definitions_
04_08_Final.pdf). The absolute response rate was defined as
the response rate among all physicians not known to be
ineligible. The absolute response rate for the survey was
46.4%. The AAPOR cooperation rate, which only accounts

for active refusals, was 82.5%; the AAPOR refusal rate was
9.8%.

We also calculated a participation rate, defined as the re-
sponse rate among eligible physicians for whom we were able to
identify valid contact information. This participation rate was
52.9%. Participation rates by physician characteristics are listed
in Appendix Table A1 (characteristics of physicians for whom
we could not verify contact information were not available).

Table A1. Characteristics of Survey Responders and Nonresponders for Whom Contact Information Could Be Verified (N � 679)

Characteristic
Responders
(n � 359)

Nonresponders
(n � 320) P*

Sex, % .74

Male 74.7 73.6

Female 25.3 26.4

US/Canadian graduate, % .84

Yes 76.5 77.2

No 23.5 22.8

Mean year graduated from medical school 1984.4 1984.4 .98

* Using Pearson’s �2 test for categorical variables and t test for year graduated from medical school.
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