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ABSTRACT
BACKGROUND: Cancer diagnostic pathways 
are highly variable and not clearly estab-
lished in the United States, which can lead to 
a diagnosis process that takes more time and 
exposes patients to invasive or unnecessary 
procedures, delays in treatment, worsening 
patient outcomes, and elevated health care 
resource utilization (HRU) and health care 
system costs. 

OBJECTIVE: To investigate current trends 
in time to diagnosis and diagnostic-related 
HRU preceding the patient’s cancer 
diagnosis across all cancer types in the 
United States.

METHODS: A retrospective claims analysis 
was conducted on patients newly diagnosed 
with cancer identified from 2018-2019 using 
Optum’s de-identified Clinformatics Data 
Mart database, which includes Medicare 
Advantage and commercially insured 

members. Patients were identified using 
International Classification of Diseases, Tenth 
Revision codes and were required to have at 
least 2 outpatient visits at least 30 days apart 
or at least 1 inpatient cancer visit without 
prior cancer claims. The first diagnostic test 
was identified based on an algorithm of a 
60-day gap between diagnostic tests prior to 
diagnosis. The index date was defined as the 
first diagnostic test date or an office visit less 
than 4 weeks prior to the first diagnostic test 
date. Patient characteristics, time to diagno-
sis, and HRU were descriptively analyzed for 
all patients and by cancer type.

RESULTS: Among the 458,818 patients 
newly diagnosed with cancer included in 
this analysis, the mean age was 70.6 years, 
approximately half were female, and most 
were White people (65.0%) with Medicare 
Advantage coverage (74.0%). Patients with 
cancer had an overall mean (SD) time to 
diagnosis of 156.2 (164.9) days and 15.4% of 

patients waited longer than 180 days before 
a cancer diagnosis. High heterogeneity 
among cancer types was observed, with a 
mean time to diagnosis ranging from 121.6 
days (bladder cancer) to 229.0 days (multiple 
myeloma). Imaging resource use during the 
diagnostic pathway was high for radiology 
(60.7%), computerized tomography (50.8%), 
magnetic resonance imaging (48.6%), and 
ultrasound (42.6%). A total of 69.3% of 
patients had endoscopy without biopsy, 
36.5% had endoscopy with biopsy, 62.5% 
had other biopsies, and most patients did 
general urine and serum tests (91.3%) and 
nongenetic cancer-specific laboratory tests 
(84.3%). Resource use was highly varied by 
cancer type but tended to increase with a 
longer time to diagnosis. 

CONCLUSIONS: The proportion of patients 
experiencing a diagnostic process of longer 
than 180 days is clinically and economically 
meaningful. Diagnostic-related HRU was 

Plain language summary

Almost 16% of patients newly diagnosed 
with cancer waited longer than 180 days 
to be diagnosed. Doctors used health 
care resources like imaging equipment 
or laboratory tests while trying to diag-
nose cancer, and this resource use often 
increased along with a greater time taken 
to diagnose the patient. This suggests that 
improvements can be made to decrease 
the wait time for cancer diagnosis that 
may also decrease the number of resourc-
es needed and improve these patients’ 
health later.

Implications for  
managed care pharmacy

Given that 15.8% of patients newly diag-
nosed with cancer experienced a diagnostic 
process of longer than 180 days and had 
high health care resource use that tended 
to increase with greater time to diagnosis, 
addressing diagnostic process inefficien-
cies should be prioritized. Managed care 
pharmacy professionals can promote mini-
mization of diagnostic inefficiencies and 
health care resource burden while improv-
ing patient outcomes through engaging in 
and supporting efforts to develop policies/
guidelines and/or improve access to medical 
interventions to reduce time to diagnosis.
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hematologists rather than the primary care providers who 
often are the first to be presented with initial signs and symp-
toms. Given the limited guidelines available and potential 
primary care provider accessibility and use issues, the cancer 
diagnostic route may be long and complicated, potentially 
resulting in diagnosis at a more advanced stage associated 
with worse clinical outcomes, increased economic burden, 
and compromised quality of life. One recent qualitative lung 
cancer study found that multiple diagnostic routes resulted 
in patient perceptions of delays, inefficiencies, and lack of 
coordination, which ultimately added to their distress.23

Although some single cancer studies have been con-
ducted in the United States assessing the time to diagnosis 
in cancer,24-32 the heterogeneity in methodology has made it 
difficult to compare across cancer types as well as between 
studies of the same cancer type. Given the limited recent 
US data in characterizing cancer diagnoses pathways, this 
study investigated current trends in time to diagnosis and 
diagnostic-related health care resource utilization (HRU) 
preceding the patient’s cancer diagnosis across 20 cancer 
types in the United States.

Methods
Patients newly diagnosed with cancer were identi-
fied between January 1, 2018, and December 31, 2019, 
from Optum’s deidentified Clinformatics Data Mart 
database, which includes Medicare Advantage and com-
mercially insured members.  Patients with cancer were 
identified using  International Classification of Diseases, 
Tenth Revision, Clinical Modification (ICD-10-CM) diagno-
sis codes (Supplementary Table 1, available in online article). 
Patients were required to have at least 2 outpatient claims 
(at least 30 days apart to reduce misclassification) or 1 inpa-
tient claim with an ICD-10-CM cancer diagnosis code of 
the same cancer type in any position.33 The first qualifying 
cancer diagnosis claim was defined as the cancer diagno-
sis date. Patients with cancer before the diagnosis date 
were excluded. Patients were also required to have at least 
1 Current Procedural Terminology diagnostic test code 
potentially related to cancer diagnosis documented prior 
to diagnosis (Supplementary Table 2) and at least 3 months 
of continuous enrollment prior to the index date (date of an 
office visit occurring within 4 weeks prior to the first diag-
nostic test date or the first diagnostic test date if no office 
visit was recorded). The first diagnostic test was identified by 
searching for a gap of more than 60 days between tests prior 
to the cancer diagnosis; the date of the test before the gap 
was defined as the first diagnostic test date (Supplementary 
Table 3). Patients’ baseline clinical characteristics were exam-
ined during the 3 months prior to the index date (Figure 1).

Cancer disease burden is substantial in the United States, 
with cancer representing one of the leading causes of death1 
and cancer-related deaths estimated at 609,360 in the United 
States in 2022.2  Diagnosing and treating cancer  at earlier 
stages to minimize the chance of progression and need for 
more intensive treatment may result in improved clinical 
outcomes and less costly cancer treatment and management.3 

Many people are diagnosed with cancer after presenting 
with signs and symptoms to a primary care provider, such 
as a general practitioner or internist, before later referral 
to an oncologist, hematologist, and/or other care special-
ists. Estimates based on 2020 data suggest approximately 
63%-82% of cancers in the United States are diagnosed 
after symptomatic presentation.3-6

Delays in diagnosis or misdiagnosis as a result of an 
undirected cancer diagnosis pathway may have detrimental 
impacts on patients. A published systematic literature review 
including 177 articles reporting on 209 international studies 
(47 in the United States) found the strongest associations 
between time to diagnosis and patient clinical outcomes, 
such as survival, among breast, colorectal, head and neck, 
and testicular cancers and melanoma.7 The researchers 
concluded it is “reasonable” to assume that efficient cancer 
diagnosis is “likely” to enable earlier-stage diagnosis and 
improved patient survival and quality of life.7-10

Undirected cancer diagnosis pathways can also lead to 
diagnostic errors. Diagnostic error among melanoma, lung, 
colorectal, breast, and prostate cancer has been reported 
ranging from 2.4% to 22.5%, with severity-weighted serious 
harm rates per diagnostic error ranging from 41.2% to 
61.9% and serious misdiagnosis-related harm rates per 
incident cancer case ranging from 1.2% to 13.9%.11

Several non-US countries (United Kingdom, Denmark, 
Sweden, Canada, and Australia) have identified the impor-
tance and potential impact of efforts to achieve earlier-stage 
diagnosis for symptomatic cancers by establishing national 
guidelines, special programs, and pathways.12-18 Although 
the United States has cancer diagnostic pathway guidance 
outlined for some cancers (eg, the National Comprehensive 
Cancer Network diagnostic guidelines for breast,19 colorec-
tal,20 lung,21 and prostate cancer22), these guidelines are not 
available for all cancers and there may be limited awareness 
and consistent use of these guidelines to oncologist and 

significant and highly variable, highlighting the inefficiencies in 
the cancer diagnostic process in the United States and the need for 
policies, guidelines, or medical interventions to streamline cancer 
diagnostic pathways to optimize patient outcomes and reduce 
health care system burden.

https://www.jmcp.org/pb-assets/SupplementaryMaterial/22-443_Supplement-1683909227.pdf
https://www.jmcp.org/pb-assets/SupplementaryMaterial/22-443_Supplement-1683909227.pdf
https://www.jmcp.org/pb-assets/SupplementaryMaterial/22-443_Supplement-1683909227.pdf
https://www.jmcp.org/pb-assets/SupplementaryMaterial/22-443_Supplement-1683909227.pdf
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FIGURE 1 Study Design

aDepending on when the index date is identified, each patient will have variable continuous enrollment between the index date and cancer diagnosis.
HRU, health care resource utilization. 
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Outcomes—time to diagnosis and diagnostic-related 
HRU (imaging, endoscopy, biopsy, and laboratory identified 
by Current Procedural Terminology codes; Supplementary 
Table 2)—were evaluated from the index date until the 
cancer diagnosis date (Figure 1). The time to diagnosis 
was reported in days and was presented as a continuous 
variable and by time to diagnosis categories (“0-30 days,” 
“> 30-90 days,” “> 90-180 days,” and “> 180 days”). 

Patient characteristics, time to diagnosis, HRU, and 
HRU by time to diagnosis were descriptively analyzed 
for continuous (mean and SD) and categorical variables 
(number of observations and percentages in each cat-
egory). Results were reported individually and overall for 
the 20 cancer types captured. More detailed results were 
also reported for 7 cancer types selected to reflect cancer 
types with diverse diagnostic pathways: bladder, breast, 
colorectal, lung, ovarian, pancreas, and prostate cancers. 
All statistical analyses were conducted using SAS 9.4 and 
SAS Studio 3.81.

Results
A total of 458,818 eligible members newly diagnosed with 
cancer from January 1, 2018, to December 31, 2019, were 
included in this analysis (Figure 2; Table 1). The mean age 
was 70.6 years, and most patients (76.6%) were aged 65 years 
or older. The population diagnosed with cancer was almost 
evenly split between men (50.4%) and women (49.6%) and 
was predominately White (65.0%) and resided in the South 
(53.7%) with Medicare Advantage insurance coverage (74.0%). 

Patients had a mean Charlson Comorbidity Index value of 
2.1, and the 3 most common comorbidities were hyperten-
sion and other heart disease (41.8%), diabetes (16.1%), and 
psychiatric-related (12.9%). Breast (24.3%), lung (12.0%), and 
prostate (17.8%) were the 3 most common cancer types.

TIME TO DIAGNOSIS
Across all patients newly diagnosed with cancer, the 
mean time to diagnosis was 156.2 days (SD, 164.9 days) and 
the median was 118 days (Q1 = 33.0 days; Q3 = 215.0 days) 
(Figure  3; Supplementary Table 4). High heterogeneity in 
mean (median) time to diagnosis was exhibited by cancer 
type with ranges spanning 121.6 (102.0) days for bladder to 
229.0 (194.0) days for multiple myeloma and among patients 
within the same type of cancer with large SDs close to or 
larger than the mean. A nontrivial proportion (15.8%) of 
patients with cancer experienced a time to diagnosis of 
greater than 180 days. Among the cancer types of interest, 
colorectal cancer (44.6%) represented the largest percent-
age, with greater than 180 days to diagnosis, and breast 
cancer (4.6%) represented the smallest.

DIAGNOSTIC-RELATED HRU DURING THE DIAGNOSTIC 
PATHWAY 

All Cancers. Among all patients newly diagnosed with can-
cer, imaging resource use was high, with the top 4 categories 
recorded for radiology (60.7%), computerized tomography 
(CT) (50.8%), magnetic resonance imaging (MRI) (48.6%), and 
ultrasound (42.6%). A total of 69.3% had endoscopy without 
biopsy and 36.5% had endoscopy with biopsy; more than half 

https://www.jmcp.org/pb-assets/SupplementaryMaterial/22-443_Supplement-1683909227.pdf
https://www.jmcp.org/pb-assets/SupplementaryMaterial/22-443_Supplement-1683909227.pdf
https://www.jmcp.org/pb-assets/SupplementaryMaterial/22-443_Supplement-1683909227.pdf
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FIGURE 2 Population Attrition Flow Chart

aPatients diagnosed with a cancer diagnosis regardless of the type and inclusive of the following criteria: (1) identified as 2 outpatient claims associated with a 
cancer diagnosis at least 30 days apart or (2) 1 inpatient claim associated with the cancer diagnosis in 2018 or 2019. The first qualifying diagnosis claim is defined 
as the cancer diagnosis date.
bPatients who fit these criteria included those for whom (1) the first diagnostic test date was defined by looking back every 60 days during the prediagnosis period 
for a diagnostic test until a gap of more than 60 days was reached. The index date was anchored to the outpatient office visit that occurred anytime within 4 weeks 
prior to this first diagnostic test date (and inclusive of the first diagnostic test date itself).
CDM = Clinformatics Data Mart.

Diagnosed with cancer per study methodologya

n = 590,370

Recorded diagnostic tests prior to the diagnosis date
n = 537,929

First diagnostic test data identified by a gap of 60 days in the 
prediagnosis periodb

n = 528,928

Continuous enrollment 3 months prior to the index date
n = 519,289

Final cancer-naive population for analysis
n = 458,818

Not diagnosed with
cancer

n = 30,753,453

No diagnostic tests prior
to diagnosis date

n = 52,444

No first diagnostic test
identified
n = 9,001

No continuous
enrollment 3 months

prior to index date
n = 9,639

Aged less than 18 years
on index date

n = 47,457
Aged at least 18 years on the index date

n = 471,832
Not cancer-naive during
the entire prediagnosis

period
n = 13,041

Optum CDM database population (unique members, January 1, 2015-December 31, 2019)
N = 31,343,823

(62.5%) had other biopsies (not in conjunction with endos-
copy); and there was high use in the laboratory category for 
general urine and serum tests (91.3%) and nongenetic cancer-
specific laboratory tests (84.3%) (Table 2). Diagnostic-related 
resource use varied highly by cancer type as well as by the 
time to diagnosis (Supplementary Tables 5-11).

Bladder Cancer. In contrast with all cancers, among patients 
diagnosed with bladder cancer, the imaging categories with 
high use were ultrasound (88.5%), radiology (82.9%), and CT 
(67.8%). These patients had relatively low endoscopy with-
out biopsy (28.8%) or other biopsies (33.3%); and laboratory 
use of nongenetic cancer-specific laboratory tests (80.8%) 
and general urine and serum tests (97.2%) remained high 
(Table  2). Most diagnostic-related HRU followed a general 
trend of an increase in use with greater time to the diag-
nosis of bladder cancer. The HRU with the largest absolute 

percentage increase between those diagnosed in “0-30 days” 
and those diagnosed in “> 180 days” (“> 180 days” percentage 
minus “0-30 days” percentage) were biopsy (+ 45.3%); endos-
copy without biopsy (+ 43.2%); and CT (+ 30.4%). Exceptions 
to the trend were for ultrasound (-3.3%) and general urine 
and serum tests (-3.6%), in which slight absolute percent-
age decreases were observed (Supplementary Table 5).  
Large changes of 9.8, 4.3, and 4.0 times between those diag-
nosed in “0-30 days” and those diagnosed in “> 180 days” 
(“> 180 days” percentage divided by “0-30 days” percentage) 
were found among positron emission tomography (PET)/
PET-CT, genetic tests, and nuclear medicine categories, 
respectively.

Breast Cancer. For patients with breast cancer, the high-
est imaging resource use was for any radiology (78.7%). 
Endoscopy only occurred with biopsy (46.2%) and more 

https://www.jmcp.org/pb-assets/SupplementaryMaterial/22-443_Supplement-1683909227.pdf
https://www.jmcp.org/pb-assets/SupplementaryMaterial/22-443_Supplement-1683909227.pdf
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than half had other biopsies (58.9%); almost all had labora-
tory use for general urine and serum tests (99.5%) (Table 2). 
Like bladder cancer, diagnostic-related HRU for patients 
with breast cancer tended to increase with a greater time to 
diagnosis. Some of the larger absolute percentage increases 
in HRU between those diagnosed in “0-30 days” and those 
diagnosed in “> 180 days” were for nuclear medicine (+ 50.3%), 
biopsy (+ 44.8%), CT (+ 44.7%), genetic tests (+ 38.1%), non-
genetic cancer-specific laboratory tests (+ 37.7%), and MRI 
(+ 30.4%) (Supplementary Table 6). The exception to the 
trend was for endoscopy with biopsy, for which there was a 
decrease of 16.2% in use between those diagnosed in “0-30 
days” and those diagnosed in “> 180 days.” Large changes of 
10.1, 6.3, and 4.4 times between those diagnosed in “0-30 
days” and those diagnosed in “> 180 days” were found among 
PET/PET-CT, nuclear medicine, and nongenetic cancer-
specific laboratory tests categories, respectively.

Colorectal Cancer. Among patients diagnosed with colorec-
tal cancer, high imaging use was found for radiology (94.5%), 

MRI (90.5%), and CT (83.6%); endoscopy with biopsy (85.0%) 
and other biopsies (81.4%) were common; and the predomi-
nantly used laboratory resources were general urine and 
serum tests (94.9%) and nongenetic cancer-specific labora-
tory tests (84.4%) (Table 2). Patients with colorectal cancer 
had small absolute percentage increases of around 10% in 
diagnostic-related HRU for biopsy and nongenetic cancer-
specific laboratory tests and 24.6% for CT between those 
diagnosed in “0-30 days” and those diagnosed in “> 180 
days” (Supplementary Table 7). Other HRU categories had 
no change or small decreases in the absolute percent-
age between the 2 time to diagnosis cohorts except PET/
PET-CT, nuclear medicine, and genetic tests (all ≥ 26.1%). 
Times changes between those diagnosed in “0-30 days” and 
those diagnosed in “> 180 days” were relatively constant.

Lung Cancer. Patients diagnosed with lung cancer had 
high CT (69.0%) imaging use. More than half had endos-
copy without biopsy (54.6%) and a relatively small amount 
had endoscopy with biopsy (11.6%) or other biopsies (38.7%); 

Patients diagnosed  
with cancer

All cancersa 

N = 458,818
Bladderb 

n = 39,949
Breast 

n = 120,859
Colorectal 
n = 22,649

Lungc 

n = 59,801
Ovarian 
n = 4,334

Pancreas
n = 3,061

Prostate 
n = 88,417

Age, years

Mean (SD) 70.6 (1.1) 74.5 (2.3) 69.2 (2.8) 65.6 (2.0) 72.6 (2.2) 65.7 (3.1) 70.0 (6.2) 72.7 (3.4)

Sex, %

Male 50.4 74.0 0.4 51.0 48.8 0.0 48.4 100.0

Female 49.6 26.0 99.6 49.0 51.2 100.0 51.6 0.0

Race and ethnicity, %

White 65.0 71.8 77.8 69.4 79.7 71.3 68.4 69.1

Black 11.1 8.4 8.0 8.2 8.2 9.6 12.9 13.5

Hispanic 8.3 8.3 5.3 9.5 6.7 9.4 9.8 8.6

Asian 2.5 1.1 1.8 2.8 1.1 3.1 2.8 2.2

Missing 13.2 10.4 7.2 10.1 4.3 6.6 6.1 6.5

Primary insurance, %

Medicare Advantage 74.0 81.3 75.8 67.3 84.5 59.9 66.6 56.8

Commercial 24.0 14.6 23.4 26.0 11.0 35.7 27.7 39.8

Both 2.0 4.1 0.8 6.8 4.5 4.4 5.7 3.4

Charlson Comorbidity Indexd

Mean (SD) 2.1 (1.4) 1.9 (1.1) 1.7 (0.9) 2.3 (0.8) 2.5 (0.7) 1.5 (1.2) 2.2 (0.9) 2.0 (1.3)

a“All cancers” includes 20 cancer types. 
bBladder includes urothelial. 
cLung includes bronchus. 
dCharlson Comorbidity Index score after adjusting for age.

TABLE 1 Baseline Demographics and Clinical Characteristics, All Cancers and by Select Cancer Types

https://www.jmcp.org/pb-assets/SupplementaryMaterial/22-443_Supplement-1683909227.pdf
https://www.jmcp.org/pb-assets/SupplementaryMaterial/22-443_Supplement-1683909227.pdf
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FIGURE 3 Mean and Median TTD from the First Diagnostic Test to Cancer Diagnosis, All Cancers and by 
Cancer Type

“All cancers” includes 20 cancer types, “bladder” includes urothelial, “lung” includes bronchus, and SD in days are shown in parentheses.
TTD = time to diagnosis.
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there was high use in the laboratory category of gen-
eral urine and serum tests (93.5%) (Table 2). The trend of 
increasing diagnostic-related HRU with a longer time to 
diagnosis was also found among patients with lung cancer. 
Absolute percentage increases in use were generally below 
30.0%, except radiology (+ 49.0%) and PET/PET-CT (+ 40.2%) 
use, which increased more dramatically in those diagnosed 
in “0-30 days” compared with those diagnosed in “> 180 
days” (Supplementary Table 8). Large changes of more than 
4 times between those diagnosed in “0-30 days” and those 
diagnosed in “> 180 days” were found among genetic tests, 
PET/PET-CT, and endoscopy with biopsy categories.

Ovarian Cancer. Patients with ovarian cancer had high 
imaging resource utilization for CT (73.3%) and radiol-
ogy (72.7%), low use of endoscopy with biopsy (21.0%), no 
use of endoscopy without biopsy, high use of other biop-
sies (69.2%), and high laboratory use for general urine and 
serum test (94.9%) and nongenetic cancer-specific labora-
tory tests (85.9%) (Table 2). Patients diagnosed with ovarian 

cancer followed the trend of increasing diagnostic-related 
HRU with time to diagnosis. Absolute percentage increases 
in HRU use were less dramatic than in other cancer types 
between those diagnosed in “0-30 days” and those diag-
nosed in “> 180 days” (ranged from + 5.5% for general urine 
and serum tests to + 21.4% for CT) (Supplementary Table 9). 
Modest changes of 2.7 and 2.0 times between those diag-
nosed in “0-30 days” and those diagnosed in “> 180 days” 
were found among the PET/PET-CT and ultrasound catego-
ries, respectively.

Pancreatic Cancer. Patients with pancreatic cancer had high 
records of imaging resource use for CT (65.3%) and radiology 
(60.8%), almost half used endoscopy with biopsy (48.1%), a 
little more than half had recorded other biopsies use (52.9%), 
and laboratory imaging use was highest for general urine 
and serum tests (82.7%) (Table 2). The trend of increasing 
diagnostic-related HRU use with longer time to diagnosis 
continued among patients with pancreatic cancer, with large 
absolute percentage increases between those diagnosed in 

https://www.jmcp.org/pb-assets/SupplementaryMaterial/22-443_Supplement-1683909227.pdf
https://www.jmcp.org/pb-assets/SupplementaryMaterial/22-443_Supplement-1683909227.pdf
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Prostate Cancer. Among those diagnosed with prostate 
cancer, radiology (76.3%) represented the largest imaging 
resource use; few had an endoscopy with biopsy (15.1%) or 
endoscopy without biopsy (8.0%); almost all had other biop-
sies (95.9%) and a high laboratory resource use was observed 
for general urine and serum tests (97.8%) and nongenetic 
cancer-specific laboratory tests (80.2%) (Table 2). Patients 
with prostate cancer did not follow a clear trend in HRU 
with time to diagnosis. Absolute percentage differences in 
diagnostic-related HRU between those diagnosed in “0-30 

“0-30 days” and those in “> 180 days” in the following HRU  
categories: PET/PET-CT (+ 89.8%), nuclear medicine 
(+ 82.2%), nongenetic cancer-specific laboratory tests 
(+ 64.2%), genetic tests (+ 63.5%), endoscopy with biopsy 
(+ 62.7%), radiology (+ 59.2%), MRI (+ 59.2%), and CT (+ 49.2%) 
(Supplementary Table 10). Large changes of 11.3, 10.3, 7.7, and 
4.0 times between those diagnosed in “0-30 days” and those 
diagnosed in “> 180 days” were found among the nuclear 
medicine, PET/PET-CT, endoscopy without biopsy, and 
genetic tests categories, respectively.

Patients diagnosed 
with cancer

All cancersa 

N = 458,818
Bladderb 

n = 39,949
Breast 

n = 120,859
Colorectal 
n = 22,649

Lungc 

n = 59,801
Ovarian 
n = 4,334

Pancreas 
n = 3,061

Prostate 
n = 88,417

Imaging,d n (%)

 CT 233,261 (50.8) 27,092 (67.8) 34,298 (28.4) 18,939 (83.6) 41,287 (69.0) 3,175 (73.3) 1,999 (65.3) 48,846 (55.3)

 PET/PET-CT 37,854 (8.3) 1,111 (2.8) 6,582 (5.5) 4,488 (19.8) 11,317 (18.9) 758 (17.5) 684 (22.4) 3,112 (3.5)

 MRI 222,943 (48.6) 4,675 (11.7) 29,653 (24.5) 20,487 (90.5) 16,787 (28.1) 1,151 (26.6) 1,142 (37.3) 25,051 (28.3)

 Nuclear medicinee 122,902 (26.8) 3,705 (9.3) 17,534 (14.5) 3,169 (14.0) 5,303 (8.9) 561 (12.9) 569 (18.6) 24,766 (28.0)

 Radiologyf 278,386 (60.7) 33,103 (82.9) 95,147 (78.7) 21,409 (94.5) 18,081 (30.2) 3,149 (72.7) 1,861 (60.8) 67,463 (76.3)

 Ultrasound 195,244 (42.6) 35,361 (88.5) 44,001 (36.4) 0 (0.0) 38,642 (64.6) 542 (12.5) 231 (7.6) 15,882 (18.0)

Endoscopy, n (%)

 �Endoscopy without 
biopsy

317,866 (69.3) 11,512 (28.8) 0 (0.0) 10,521 (46.5) 32,643 (54.6) 0 (0.0) 93 (3.0) 7,058 (8.0)

 �Endoscopy with 
biopsy

167,340 (36.5) 6,314 (15.8) 55,794 (46.2) 19,261 (85.0) 6,950 (11.6) 910 (21.0) 1,471 (48.1) 13,303 (15.1)

Other biopsies, n (%)

286, 538 (62.5) 13,288 (33.3) 71,218 (58.9) 18,433 (81.4) 23,157 (38.7) 3,000 (69.2) 1,620 (52.9) 84,822 (95.9)

Laboratory,d n (%)

 Genetic tests 89,092 (19.4) 944 (2.4) 34,146 (28.3) 3,114 (13.8) 4,453 (7.5) 1,529 (35.3) 776 (25.4) 2,983 (3.4)

 �General urine and 
serum tests

418,890 (91.3) 38,825 (97.2) 120,218 (99.5) 21,497 (94.9) 55,883 (93.5) 4,111 (94.9) 2,530 (82.7) 86,475 (97.8)

 �Nongenetic cancer-
specific laboratory 
tests

386,860 (84.3) 32,282 (80.8) 18,341 (15.2) 19,113 (84.4) 7,769 (13.0) 3,723 (85.9) 1,643 (53.7) 70,865 (80.2)

a“All cancers” includes 20 cancer types. 
bBladder includes urothelial. 
cLung includes bronchus.
dThe number of imaging procedures or laboratory tests were counted as 1 if multiple claims for the same procedure or test were present on the same day. 
eNuclear medicine includes imaging (thyroid, parathyroid, adrenal, bone marrow, spleen, lymphatic and lymph nodes, liver, spleen, hepatobiliary system, salivary, 
gastric mucosa, gastric emptying, acute gastrointestinal blood loss, intestine, bone and/or joint, noncardiac vascular flow, myocardial perfusion, acute venous 
thrombosis, myocardial, cardiac blood pool, pulmonary ventilation, brain, cerebrospinal fluid flow, kidney, and testicular) and other diagnostic nuclear medicine 
procedures (full code list in the Supplementary Materials). 
fRadiology includes radiological examinations, X-rays, angiograms, mammograms, tomosynthesis, lymphangiography, shuntogram, splenoportography, and 
venography. 
CT = computerized tomography; MRI = magnetic resonance imaging; PET = positron emission tomography. 

TABLE 2 Diagnostic-Related Health Care Resource Utilization During the Diagnostic Pathway, All Cancers 
and by Select Cancer Type

https://www.jmcp.org/pb-assets/SupplementaryMaterial/22-443_Supplement-1683909227.pdf
https://www.jmcp.org/pb-assets/SupplementaryMaterial/22-443_Supplement-1683909227.pdf
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implemented in other countries suggest these guide-
lines may aid in shortening the diagnostic process42,45-48  
and reducing waiting times45,49-51 and ultimately improve 
tumor detection,52 patient diagnosis at earlier cancer 
stages,50 health-related quality of life,53 and survival.48,54 
However, concerns over potential increases in resource 
utilization, radiation exposure risk, and overdiagnosis55 and 
inadequacies in guidelines to optimally benefit patients 
presenting with nonspecific signs and symptoms still need 
to be addressed.53

Diagnostic-related HRU increased with a longer time to 
diagnosis for most diagnostic categories and most selected 
cancers of interest. Colorectal cancer was an exception 
with relatively small percentage decreases in use for several 
categories indicating more constant resource use across 
time to diagnosis cohorts and perhaps suggesting that 
colorectal cancer may be more difficult to pinpoint given 
the potential noise of a range of potential nonspecific signs 
and symptoms to diagnostically assess. Some of the larger 
percentage decreases (≥  26.1%) in PET/PET-CT, nuclear 
medicine, and genetic tests possibly reflect nuances in 
the population with colorectal cancer presenting for care 
and the patterns of care for diagnosis. One study based 
on Veterans Affairs data (2003-2005, n = 449) suggests that 
colorectal cancer diagnostic-related HRU may be highly 
variable dependent of facility, patient age, and clinical 
presentation.56 Unlike this study, in which some of these 
key facility and patient characteristics are very different, 
increased resource use among patients with colorectal 
cancer was found to be highly correlated with increased 
time to diagnosis (similar to trends found in the other 
cancer types of interest). Resource use by time to diagnosis 
were also relatively small for prostate cancer, perhaps 
reflecting that prostate cancer diagnosis is more straight-
forward and systematic, and tends to implement a “watch 
and wait” approach that extends more constant resource 
use across the time to diagnosis categories.

Some challenges exist in comparing the study results 
with the published literature. In addition to the US lit-
erature being scarce, studies tend to focus on a few 
cancer types, such as lung and breast, have different unit 
of measurement (eg, per person per month), be limited in 
generalizability, vary in insurance coverage population 
mixes, and use a variety of definitions for the diagnostic 
period.24-32 For instance, some researchers have assessed 
from the presentation of symptoms to diagnosis, whereas 
others have focused in on the period from the use of the 
first diagnostic test or a positive test to diagnosis. Defining 
from the first “positive” diagnostic test may underestimate 
the time to diagnosis and HRU, as there may have been 
multiple tests run prior to the “positive” test, especially 

days” compared with those diagnosed in “> 180 days” were 
relatively small (< +/-10%), the one exception being the 
large absolute percentage decrease in nongenetic cancer-
specific laboratory tests (-49.7%) (Supplementary Table 11). 
Times changes between those diagnosed in “0-30 days” and 
those diagnosed in “>  180 days” were relatively constant at 
values close to 1.0.

Discussion
By assessing the time to diagnosis and HRU during cancer 
diagnoses pathways using recent data from a large claims 
database, this study significantly helps to fill the evidence 
gap on recent US trends and patterns in cancer diagnoses 
across multiple cancer types. Overall, the results suggest 
high heterogeneity exists in the time to diagnosis by cancer 
type and within cancer types and that a clinically and eco-
nomically meaningful proportion of patients experienced 
a time to diagnosis of more than 180 days. Few diagnostic 
guidelines on the recommended time to diagnosis are avail-
able, and they widely differ by cancer type and country. 
The few identified suggest that the maximum this inter-
val ranges, from 14 days to 120 days, depends on symptom 
presentation and cancer type.34-36 Notably, the intervals 
recommended are maximums rather than optimal to allow 
earlier cancer staging and improved clinical outcomes. 
Thus, a time to diagnosis of more than 180 days would likely 
be considered unacceptable by most clinicians. 

Cancer diagnosis combined with treatment at an 
earlier stage may be associated with improved clinical and 
economic outcomes, including decreased morbidity and 
mortality as well as lower resource utilization and costs.1,7,37-

41 For example, estimates using Surveillance, Epidemiology, 
and End Results Program 2006-2015 data suggest that the 
identification of multiple cancer types earlier than stage 
IV could reduce cancer-related deaths in the US by 15% 
within 5 years.37 Another study evaluating the potential 
treatment cost savings from early cancer diagnosis using 
published 2017 cost estimates and incidence rates by stage 
at diagnosis, estimated that the US national cost savings 
from early cancer diagnosis was approximately $26 billion.38

More comprehensive diagnostic pathway guidelines as 
implemented in other countries12-18 or medical innova-
tions that help triage the cancer diagnostic pathways 
may contribute to an efficient, streamlined diagnosis 
process. Guideline features that may improve efficiency 
include setting a maximum threshold to reach points along 
the diagnostic pathway,42,43 specifying a shorter referral 
timeline for patients suspected of having cancer, 42,43 and 
providing options for patients with nonspecific signs and 
symptoms.44 Research on the impact of diagnostic guidelines 

https://www.jmcp.org/pb-assets/SupplementaryMaterial/22-443_Supplement-1683909227.pdf
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symptoms and diagnosis using Truven MarketScan data 
(2014-2018, n = 5,865) found a similar mean time to diag-
nosis (147 days27) to our study (152 days). The trigger-based 
intervention study conducted in patients with colorectal 
and lung cancer was also done in patients with prostate 
cancer (n = 157) with a recorded median time to diagnosis 
of 144-192 days,30 relatively similar to our study (139 days). 
Intervention study data24-25,30 further support the idea that 
implemented care guidelines outlining a recommended 
diagnosis process can decrease the time to diagnosis.

LIMITATIONS
Our study captures individuals with commercial or Medicare 
Advantage health coverage in the United States with data 
available in the Optum Clinformatics Data Mart data-
base. Thus, results of our analysis may not be generalizable 
to patients not captured in the database (eg, with other 
insurance or without health insurance coverage). Cancer 
diagnoses in our analyses are dependent on the ICD classifi-
cation system, specifically ICD-10 diagnosis codes for cancer, 
and clinician consistent and appropriate code use. Limited 
research on the validation of ICD codes use for cancer diag-
nosis suggests that ICD diagnosis code use may misclassify 
or miss diagnoses for some cancers in comparison with the 
medical record.33,57,58 Thus, the study population may include 
some individuals not diagnosed with cancer or may not rep-
resent all eligible patients diagnosed with cancer. As patients 
with multiple cancer diagnosis codes for cancer on the diag-
nosis date were excluded, the results are not generalizable 
to this population. Additionally, the use of a 60-day gap algo-
rithm between diagnostic tests is not validated and some 
time to diagnosis and HRU calculations may not capture 
the diagnosis process’ full duration. Resource use analyses 
include diagnostic-related codes that could be applied to 
diagnosis procedures for non–cancer-related conditions. 
For instance, a biopsy recorded during the colorectal cancer 
diagnosis period may be related to infection or an inflam-
matory/autoimmune disorder assessment and not to the 
cancer diagnosis. The current study primarily (71%) includes 
a population measured from the first office visit. However, 
29% of patients did not have an office visit within the 4-week 
period prior to a diagnostic test and the first diagnostic 
test date was used as the index, which may underestimate 
the calculated time to diagnosis. Furthermore, the scope 
of these analyses only covers from the index date to cancer 
diagnosis and does not capture the time between the onset 
of suspicious symptoms and presenting into the health care 
system or outline the impact of a direct or delayed referral for 
diagnostic testing. Unfortunately, it is unknown if the com-
mercial plans captured in the study’s analysis population had 
diagnostic guidelines established or if they impacted time 

among those with nonspecific signs and symptoms or more 
complex presentations.

Results from the limited published US literature on 
the time to diagnosis in the cancers of interest are highly 
variable. However, published results seem generally in line 
with the study findings within the context of population 
and methodology differences. An older study assessing 
Surveillance, Epidemiology, and End Results data from 1992 
to 2002 reported that 18% of the population with bladder 
cancer experienced a diagnostic delay greater than or equal 
to 180 days28 compared with 36.9% in our study. However, 
the aforementioned study truncated the results at the end 
of 12 months and limited the diagnostic period from hema-
turia claim to diagnosis. Similarly, breast cancer literature is 
sparse and older; one study (2010-2012, n = 120) found a much 
smaller median of 23 days29 vs 100 days in this study, but 
the study methodology only considered the period between 
presentation and diagnostic biopsy. Not all patients diag-
nosed with breast cancer will receive a diagnostic biopsy (eg, 
because of safety or logistical concerns); thus, other poten-
tial diagnostic test methods, such as a breast ultrasound 
or MRI or a diagnostic mammogram, should be included 
as an option to define the breast cancer diagnosis date. 
Published colorectal cancer time to diagnosis data generally 
indicated relatively similar times; a study assessing 2008 to 
2020 data (n = 252) reported an average time to diagnosis 
of 141 days31 vs 168 days in this study. Research on Veterans 
Administration data (2003-2005, n = 447) reported a median 
time to diagnosis of 73 to 91 days26 compared with 136 days 
in our study, but the timing of the initial event starting the 
diagnostic period varied and sometimes was only assessed 
from an abnormal screening test result. And an intervention 
study using primary care provider data (2011-2012, n = 557) 
recorded a median time to diagnosis of 104 to 200 days30 
from a trigger of a positive or suspicious test in line with 
this study’s results. Published data on lung cancer time to 
diagnosis generally indicate a shorter time to diagnosis than 
our study results (mean: 168 days; median: 100 days). In con-
trast, a study on data from Wisconsin and North Carolina 
sites (2012-2014, n = 347), reported a mean time to diagnosis 
of 85 days32; research on the Veterans Affairs Connecticut 
Healthcare System hospital (2005-2010, n = 352) had a mean 
time to diagnosis of 53-76 days dependent on participation 
in a care coordination intervention24 but started the time 
to diagnosis assessment from an abnormal finding; and 
another study (2011-2012, n = 19) recorded a median time 
to diagnosis of 65-93 days dependent on the use of a 
trigger-based intervention,30 but the assessment of time 
to diagnosis only occurred from a trigger of a positive or 
suspicious test. One study on patients with ovarian cancer 
that evaluated the time between initial gastrointestinal 
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to diagnosis or resource utilization. 
Other factors potentially contributing 
to diagnostic error, delay, or length-
ening of the diagnostic pathway need 
further exploration.

Conclusions
A clinically and economically meaning-
ful proportion of patients diagnosed 
with cancer experienced a diagnostic 
process greater than 180 days. Taken 
in concert with findings of greater 
diagnostic-related HRU trending with  
a longer time to diagnosis, the study 
results highlight inefficiencies in 
the US cancer diagnostic process. 
The development or modification of  
policies, guidelines, or medical inter-
ventions that streamline cancer 
diagnostic pathways are needed to 
optimize patient outcomes as well as 
reduce resource burden and cost to 
the health care system.
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