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Abstract
Background: As there are few validated measures of patient safety in clinical oncol-
ogy, creating an efficient measurement instrument would create significant value. 
Accordingly, we sought to assess the validity of a novel patient safety measure by 
examining the association of oncology-specific triggers and mortality using admin-
istrative claims data.
Methods: We examined a retrospective cohort of 322 887 adult cancer patients en-
rolled in commercial or Medicare Advantage products for one year after an initial 
diagnosis of breast, colorectal, lung, or prostate cancer in 2008-2014. We used di-
agnosis and procedure codes to calculate the prevalence of 16 cancer-specific "trig-
gers"–events that signify a potential adverse event. We compared one-year mortality 
rates among patients with and without triggers by cancer type and metastatic status 
using logistic regression models.
Results: Trigger events affected 19% of patients and were most common among pa-
tients with metastatic colorectal (41%) and lung (50%) cancers. There was increased 
one-year mortality among patients with triggers compared to patients without trig-
gers across all cancer types in unadjusted and multivariate analyses. The increased 
mortality rate among patients with trigger events was particularly striking for non-
metastatic prostate cancer (1.3% vs 7.5%, adjusted odds ratio 1.96 [95% CI 1.49-
2.57]) and nonmetastatic colorectal cancer (4.1% vs 11.7%, 1.44 [1.19-1.75]).
Conclusions: The association between adverse event triggers and poor survival 
among a cohort of cancer patients supports the validity of a cancer-specific, admin-
istrative claims-based trigger tool.
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1 |  INTRODUCTION

Despite the complexity and potential toxicity of cancer-spe-
cific therapy, there are few high-quality studies character-
izing the nature and extent of treatment-related errors and 
injuries in clinical oncology.1-3 While toxicity assessment is 
deeply engrained in the cancer clinical trials tradition, much 
of this work seeks to identify the type and severity of adverse 
drug reactions inherent in novel therapies rather than injuries 
due to medical care that may follow a medical error or occur 
in a vulnerable host. A recent literature review concluded that 
no consistent methodology or large-scale study allowed for 
an epidemiologically robust understanding of the extent of 
oncology treatment-related errors and injuries by facility, lo-
cation, or across the continuum of cancer care.4

A well-established approach to identify treatment-related 
complications uses “trigger” events (such as abnormal lab-
oratory results, unplanned transfer to an intensive care unit, 
return to the operating room, or administration of antidote 
medications) to flag candidate adverse events for further 
review.5-10 Unfortunately, due to the high expected symp-
tom burden among cancer patients undergoing multi-modal 
therapy, trigger tools evinced poor interrater reliability and 
low positive predictive values (PPVs) in multiple European 
studies.11-18 However, researchers recently reported the suc-
cessful development of 49 oncology-specific triggers using 
clinical data from patients at Memorial Sloan Kettering 
Cancer Center (MSK) undergoing an initial course of can-
cer-directed therapy. The PPV of the MSK triggers, using 
physician chart review as the gold standard, was satisfactory 
at 0.48 for adverse events and 0.18 for preventable events.19,20

To extend this approach, we developed a set of oncolo-
gy-specific triggers that used International Classification of 
Diseases (ICD) and Current Procedural Terminology (CPT) 
codes to flag eligible cases in a large administrative database 
of commercial claims. We found high rates of oncology-spe-
cific trigger events among a cohort of over 300,000 patients 
undergoing an initial course of cancer-directed therapy for 
breast, colorectal, lung, or prostate cancer.21 The triggers af-
fected 12% of patients with nonmetastatic disease and 39% of 
those with metastatic cancer. The burden was highest among 
patients with lung and colorectal cancer, and triggers were 
overrepresented among non-whites, those with lower family 
incomes, and patients with lower educational attainment.

The goal of this study was to assess the construct valid-
ity of oncology-specific triggers as a quality of care measure 
by examining the association between oncology triggers and 
mortality using administrative claims data. We hypothesized 
that patients who experienced trigger events would have 
higher mortality rates (controlling for relevant covariates) 
during an initial year of cancer-directed therapy, and that the 
trigger-mortality association would vary by trigger, cancer 
type, and metastatic status.

2 |  METHODS

2.1 | Data

We accessed the OptumLabs® Data Warehouse (OLDW), 
which includes deidentified administrative claims and elec-
tronic health record (EHR) data on over 200 million patients, 
including billing data for inpatient and ambulatory care for 
commercial and Medicare Advantage enrollees.22 It includes 
limited patient demographic information drawn from enroll-
ment records. Socioeconomic status information in OLDW, 
including race/ethnicity, household income, and educational 
attainment, are imputed variables sourced from a national 
supplier of consumer marketing data. Mortality status is as-
certained in OLDW through multiple sources including the 
Social Security Death Index, inpatient discharge status, and 
electronic medical records.

2.2 | Subjects

We selected a cohort of patients undergoing an initial course 
of cancer-directed therapy for breast, lung, colorectal, and 
prostate cancer, using ICD and CPT codes to identify patients 
who received surgery, radiation therapy, or chemotherapy 
(including oncolytic, hormonal, or targeted therapies) for a 
new diagnosis of breast, lung, colorectal, or prostate cancer 
from 1 January 2008 through 31 December 2014. Patients 
with cancer diagnoses or treatments in 2005-2007 and those 
with cancer recurrence codes were excluded.23-25

We abstracted sociodemographic variables included in 
the OLDW including age, gender, race/ethnicity, insurance 
(commercial, Medicare Advantage), household income, and 
educational attainment, excluding subjects with male breast 
cancer and those under age 18. We also abstracted cancer di-
agnosis, cancer-specific therapies, and associated diagnosis 
and treatment dates. We calculated a modified Charlson co-
morbidity index using an algorithm that excluded cancer as a 
comorbidity,26 and an algorithm developed and tested in the 
OLDW to identify metastatic cancer cases.27

2.3 | Measurements

We defined a set of oncology-specific triggers using ICD 
and CPT codes corresponding to 16 of the 23 highest 
(≥50%) PPV triggers from the MSK study. We constrained 
triggers to events that occurred within specified intervals 
following relevant exposures, and further assumed that 
triggered events had a discrete, limited duration. For ex-
ample, blood transfusion could result from chemother-
apy-associated myelosuppression or intraoperative blood 
loss, but is an unlikely direct result of radiation therapy. 
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Chemotherapy-associated anemia requiring transfusion 
would be expected to develop over and persist for several 
weeks, while peri-operative anemia would present within 
hours or days and be addressed within a similar interval. 
Treatment-trigger causal and temporal relationships and 
trigger event durations were developed in collaboration 
with clinical oncologists.

2.4 | Analyses

We characterized the cohort by sociodemographic and 
clinical attributes and cancer-specific treatments, stratify-
ing analyses by cancer type (breast, colorectal, lung, pros-
tate) and metastatic status. We tabulated the number of 
patients who experienced at least one of each trigger type 
during the first year of cancer therapy by cancer type and 
metastatic status.

To assess the association of event triggers with mortality, 
we examined the number and percent of patients with each 
adverse event trigger who were alive or dead at the end of 
a one-year period beginning with the date of the initial can-
cer-directed therapy, performing separate analyses by cancer 
type and metastatic status.

We estimated adjusted odds ratios and 95% confidence 
intervals with logistic regression models stratified by can-
cer type and metastatic status to examine the relation-
ship between the mortality outcome and types of triggers. 
Independent variables in the regression models controlled 
for sociodemographic and clinical attributes and the type of 
cancer-directed therapy—factors that could affect the risk of 
death. Sociodemographic characteristics included age, gen-
der, race/ethnicity, household income, and educational at-
tainment. Clinical attributes included the Charlson index and 
treatment type (chemotherapy only, surgery only, radiation 
only, or multi-modality therapy). Analyses also adjusted for 
the presence of other triggers.

In preliminary analyses, we noted slightly different 
trigger prevalence rates among patients with and without 
missing race/ethnicity, income, or educational attainment 
data for selected triggers. There was no consistent pattern, 
however. Concerned that our results could potentially be 
biased if trigger events were associated with incomplete 
collection or reporting of sociodemographic information, 
we used multiple imputation by chained equations, with 
predictive mean matching for numeric variables and logis-
tic regression for binary variables, to impute multivariate 
missing data elements for patients with incomplete infor-
mation. The model to impute missing information included 
the outcome variable, patient  age, gender, race/ethnicity, 
household income, educational attainment, Charlson index, 
treatment type, and trigger indicators.28,29 Average esti-
mates and total variance from regression models fit to each 

of the imputed data sets were pooled following Rubin's 
rules.30 Multiple imputation imputes values for missing ob-
servations of a variable using other available information 
in the dataset. We imputed missing values under the as-
sumption that data are missing at random (MAR), in other 
words, independent of the value of the variable and con-
ditional on observed covariates. Ignoring the mechanism 
of "missing-ness" by excluding records with any missing 
values could lead to biased estimates. While the MAR as-
sumption is not fully testable, advantages of reduced risk in 
bias compared to a complete case analysis make MAR im-
putation the most reasonable approach. We understand that 
missing race/ethnicity, income, and education data reflects 
administrative practices at insurers that do not incorporate 
or prioritize collection of this information for enrollment. 
We are aware of no systematic biases introduced in this 
process.

In sensitivity analyses designed to assess the reliability of 
the model under different assumptions about patient enroll-
ment, we examined the impact of excluding patients without 
a full year of continuous enrollment (and alive at last encoun-
ter) on the results. We knew from preliminary analyses that 
"no trigger" patients were more often lost to follow-up than 
patients with triggers across all disease types. For example, 
12.0% of "no trigger" patients with nonmetastatic breast can-
cer were lost to follow-up compared to 10.4% among those 
with at least one trigger. Since there were more patients with 
incomplete follow-up in the “no trigger” group, excluding 
these patients could increase the odds of finding higher mor-
tality among “trigger” patients. In an alternate scenario, we 
assumed that lost-to-follow-up patients had all died. This 
worst-case scenario would bias the analysis toward the null 
hypothesis. The “exclusion” and “worst-case” scenarios were 
compared to the primary analysis that included all lost-to-
follow-up patients and imputed missing one-year mortality 
status.

Analyses were performed using SAS 9.4 for Windows 
(SAS Institute) and R 3.4.3 (The R Foundation). The Tufts 
Health Sciences Institutional Review Board (IRB) deter-
mined the project to be exempt from human subjects review.

3 |  RESULTS

3.1 | Cohort characteristics

The final cohort included 322 887 patients (Table 1). The aver-
age age was 64. There was a higher percentage of men than 
women among patients with colorectal and lung cancer. Non-
whites accounted for at least 13% of the cohort, but race/eth-
nicity, household income, and education data were missing for 
about one-third of the cohort. Twenty-seven percent of patients 
had metastatic disease, with variation by cancer type.
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T A B L E  1  Cohort characteristicsa

Characteristic Breast Colorectal Lung Prostate Overall

N 124 253 52 383 51 311 94 940 322 887

Age [mean (SD)] 59.5 (12.1) 63.2 (12.5) 67.1 (10.5) 66.9 (9.1) 63.5 (11.6)

Sex [n (%)]

Male — 27 616 (52.7) 27 170 (53.0) 94 940 (100.0) 149 726 (46.4)

Female 124 253 (100.0) 24 767 (47.3) 24 141 (47.0) — 173 161 (53.6)

Race/Ethnicity [n 
(%)]

Missing/
Unknown

37 198 (29.9) 18 961 (36.2) 19 432 (37.9) 32 741 (34.5) 108 332 (33.6)

Asian 2398 (1.9) 862 (1.6) 634 (1.2) 1019 (1.1) 4913 (1.5)

Black 9543 (7.7) 3847 (7.3) 3538 (6.9) 7920 (8.3) 24 848 (7.7)

Hispanic 5491 (4.4) 2360(4.5) 1271 (2.5) 3463 (3.6) 12 585 (3.9)

White 69 623 (56.0) 26 353 (50.3) 26 436 (51.5) 49 797 (52.5) 172 209 (53.3)

Annual household 
income [n (%)]

Unknown 44 997 (36.2) 22 584 (43.1) 23 569 (45.9) 37 349 (39.3) 128 499 (39.8)

<$25K 15 627 (12.6) 6713 (12.8) 8845 (17.2) 10 733 (11.3) 41 918 (13.0)

$24K - $149K 19 793 (15.9) 8511 (16.2) 8488 (16.5) 15 694 (16.5) 52 416 (16.2)

$150K - 249K 23 057 (18.6) 8367 (16.0) 6551 (12.8) 17 314 (18.2) 55 289 (17.1)

$250K - $499K 12 336 (9.9) 3964 (7.6) 2553 (5.0) 8514 (9.0) 27 367 (8.5)

$500K+ 8513 (6.9) 2244 (4.3) 1305 (2.5) 5336 (5.6) 17 398 (5.4)

Education [n (%)]

Missing/
Unknown

34 322 (27.6) 17 925 (34.2) 18 449 (36.0) 30 698 (32.3) 101 394 (31.4)

Less than 12th 
grade

217 (0.2) 141 (0.3) 89 (0.2) 149 (0.2) 596 (0.2)

High school 
diploma

20 749 (16.7) 9891(18.9) 10 987 (21.4) 16 468 (17.3) 58 095 (18.0)

Less than 
bachelor degree

48 901 (39.4) 18 423 (35.2) 17 365 (33.8) 35 020 (36.9) 119 709 (37.1)

Bachelor degree 
plus

20 064 (16.1) 6003 (11.5) 4421 (8.6) 12 605 (13.3) 43 093 (13.3)

Insurance type [n 
(%)]

Private insurance 99 932 (80.4) 42 456 (81.0) 37 196 (72.5) 69 486 (73.2) 249 070 (77.1)

Medicare 
Advantage

24 321 (19.6) 9927 (19.0) 14 115 (27.5) 25 454 (26.8) 73 817 (22.9)

Clinical 
characteristics

Metastatic 
disease [n (%)]

26 791 (21.6) 18 671 (35.6) 30 169 (58.8) 10 800 (11.4) 86 431 (26.8)

Charlson indexb  
[mean (SD)]

2.0 (1.6) 2.8 (1.9) 3.6 (1.8) 2.8 (1.4) 2.6 (1.7)

Rehospitalized 
w/in 1 year [n 
(%)]

36 780 (29.6) 33 047 (63.1) 32 092 (62.5) 37 798 (39.8) 139 717 (43.3)

(Continues)
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3.2 | Trigger prevalence

As we have shown previously, trigger events were common 
among cohort members, affecting 19% of patients (Appendix 
A). Patients with colorectal and lung cancers were most 
likely to experience at least one trigger event. Patients with 
metastatic disease were particularly vulnerable to cancer-
specific triggers, affecting 41.4% of those with metastatic 
colorectal and 50.2% of those with metastatic lung cancers. 
The most commonly flagged triggers were for abnormal 
serum bicarbonate, blood transfusion, noncontrast chest CT 

following radiation therapy, hypoxemia, contact precau-
tions, neutropenic fever, and abnormal serum potassium.

3.3 | Overall mortality

Compared to patients with no oncology trigger, mortality 
among cancer patients with a treatment-related trigger was 
substantial. As shown in Table 2, the overall one-year mor-
tality rate among patients with nonmetastatic cancer and at 
least one trigger event was higher than patients without a 

Characteristic Breast Colorectal Lung Prostate Overall

Hospital days 
[mean (SD)]

5.1 (8.8) 10.4 (13.9) 10.4 (12.9) 4.1 (7.9) 7.3 (11.4)

Treatment type [n 
(%)]

Chemotherapy 
only

18 357 (14.8) 8724 (16.7) 11 501 (22.4) 18 830 (19.8) 57 412 (17.8)

Radiation only 11 407 (9.2) 1273 (2.4) 7260 (14.1) 21 253 (22.4) 41 193 (12.8)

Surgery only 22 952 (18.5) 22 770 (43.5) 6818 (13.3) 31 598 (33.3) 84 138 (26.1)

Multi-modality 71 537 (57.6) 19 616 (37.4) 25 732 (50.1) 23 259 (24.5) 140 144 (43.4)

Note: Percentages may not add to 100% due to rounding.
aTable 1 is reproduced from Weingart SN, Nelson J, Koethe B, et al Developing a cancer-specific trigger tool to identify treatment-related adverse events using 
administrative data. Cancer Med. 2020 Jan 3. https://doi.org/10.1002/cam4.2812. 
bNIH measure for cancer patients modification. https://healt hcare deliv ery.cancer.gov/seerm edica re/consi derat ions/calcu lation.html. 

T A B L E  1  (Continued)

T A B L E  2  Observed mortality rate and relative risk of death in the first year of cancer-directed therapy among patients with and without at 
least one trigger event, bivariate and multivariate analyses by cancer type and metastatic status

No trigger
(N died/N exposed)a 

At least one trigger
(N died/N exposed)a 

Unadjusted OR
(95% CI)b 

Adjusted OR
(95% CI)c 

Breast

Breast (nonmetastatic) 0.8% (620/76 999) 3.1% (280/8923) 2.80 (2.43 3.22) 1.35 (1.03 1.76)

Breast (metastatic) 4.9% (829/17 080) 10.5% (810/7 733) 2.10 (1.91 2.32) 1.57 (1.31 1.88)

Colorectal

Colorectal (nonmetastatic) 4.1% (983/23 788) 11.7% (683/5860) 2.65 (2.40 2.93) 1.44 (1.19 1.75)

Colorectal (metastatic) 15.7% (1556/9923) 22.7% (1623/7151) 1.53 (1.42 1.66) 1.38 (1.20 1.58)

Lung

Lung (nonmetastatic) 18.1% (2274/12 544) 33.7% (2093/6202) 2.19 (2.05 2.34) 1.38 (1.21 1.58)

Lung (metastatic) 43.3% (5746/13 283) 47.7% (6531/13 693) 1.17 (1.12 1.23) 1.16 (1.07 1.26)

Prostate

Prostate (nonmetastatic) 1.3% (916/70 762) 7.5% (351/4708) 4.56 (4.02 5.17) 1.96 (1.49 2.57)

Prostate (metastatic) 8.8% (685/7815) 20.1% (509/2536) 2.53 (2.24 2.87) 1.87 (1.47 2.39)

Abbreviations: CI, confidence interval; OR, odds ratio.
aDenominator includes patients with a full year of continuous enrollment or death. 
bUnadjusted pooled odds ratio and 95% confidence interval using imputed outcome. 
cPooled OR (95% CI) from multivariate imputed logistic regression controlling for treatment type, age, gender, race, education, income, Charlson index, and the 
presence of other triggers. 

https://doi.org/10.1002/cam4.2812
https://healthcaredelivery.cancer.gov/seermedicare/considerations/calculation.html
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trigger across all cancers. For example, among patients with 
nonmetastatic breast cancer, 0.8% of no-trigger patients died 
within one year, while 3.1% of those with at least one trig-
ger died. The absolute increase in mortality was particularly 
striking for nonmetastatic colorectal cancer (4.1% vs 11.7%) 
and nonmetastatic lung cancer (18.1% vs 33.7%).

Oncology-specific triggers were associated with increased 
one-year mortality among patients with metastatic disease, 
albeit on a higher baseline mortality risk. As expected, the 
one-year mortality rate for patients with metastases exceeded 
the rate of those with nonmetastatic disease for each cancer 
type. However, patients with metastatic disease and at least 
one trigger had poorer survival than those with metastatic 
disease of the same cancer type with no trigger. For exam-
ple, among patients with metastatic prostate cancer, 8.8% of 
no-trigger patients died within one year while 20.1% of those 
with at least one trigger died. In multivariate analyses involv-
ing the full cohort and controlling for potential confounders, 
experiencing at least one cancer-specific trigger conferred in-
creased odds of death within one year across all cancer types 
and for those with metastatic and nonmetastatic disease.

3.4 | Trigger-specific mortality

We replicated the “any trigger” analysis for each individual 
trigger, examining the relationship between specific triggers 
and one-year mortality. The one-year mortality rate varied by 
trigger and cancer type. Among patients with nonmetastatic 
cancer (Table  3), the mortality rate was higher among pa-
tients with 13 of the 14 cancer-specific triggers where there 
were sufficient cases to calculate a death rate. (Cell frequen-
cies <11 cases are not reported to avoid identifying unique 
patients.) Unexpectedly, lower one-year mortality was asso-
ciated with contact precautions among patients with nonmet-
astatic breast, colorectal, and lung cancers, suggesting that 
trigger events may be protective under certain circumstances. 
Institution of contact precautions may, for example, signal 
an appropriate response to early detection of an infectious 
complication.

Table 4 displays mortality rates, by trigger, among pa-
tients with metastatic disease. Mortality rates were higher 
among patients with a cancer-specific trigger than among 
patients with no trigger with several exceptions (eg, antico-
agulation and return to the operating room triggers among 
colorectal cancer patients, and elevated creatinine among 
patients with lung cancer). Like the nonmetastatic cancer 
cases, contact precautions among patients with metastatic 
disease were associated with lower mortality rates across 
all cancer types.

We found a similar pattern in multivariate analyses, mod-
eling the independent relationship of each trigger to mortality 
by cancer type and metastatic status. As shown in Table 5, 

bacteremia, blood transfusion, hypoxemia, and nephrology 
consultation were triggers most commonly associated with 
increased odds of death. In contrast, contact precautions were 
associated with reduced odds of death across most cancer 
types.

3.5 | Sensitivity analyses

As there was a higher percent of patients lost to follow up 
among those with no trigger compared patients with at least 
one,  it was possible that exclusion of lost-to-follow-up pa-
tients might increase the apparent mortality risk in the cohort. 
We performed sensitivity testing to examine the durability 
of results based on the exclusion, inclusion, or imputation 
of mortality outcomes of patients lost to follow-up during 
the initial year of cancer-directed therapy. We found, for ex-
ample, that the adjusted odds of death in the first treatment 
year for metastatic breast cancer patients with at least one 
trigger event was 1.57 using multiple imputation. This value 
was between 1.68 (lost cases excluded) and 1.21 (lost cases 
presumed dead), consistent with our hypothesis. This pattern 
was consistent in sensitivity analysis with each disease type 
and by metastatic status, as shown in Appendix B. Appendix 
B also shows that lost-to-follow-up patients comprised 4%-
12% of the sample. Reassured about the consistency of the 
analyses, we presorted adjusted odds ratios and confidence 
intervals in Tables 2 and 5 using imputed mortality outcomes 
that include patients lost to follow-up.

4 |  DISCUSSION

In this retrospective cohort study of 322 887 patients with 
breast, colorectal, lung and prostate cancer treated for an 
initial course of cancer-directed therapy, patients with at 
least one cancer-specific trigger had a substantially higher 
mortality risk than patients with no trigger. This relation-
ship was robust across cancer types and metastatic status 
in logistic regression models controlling for multiple po-
tential confounders. Patients who experienced treatment-
related triggers were at substantially higher risk than those 
with none. Individual triggers, including bacteremia, blood 
transfusion, hypoxemia, nephrology consultation, neutro-
penic fever, pressure ulcers, and return to the operating 
room or interventional radiology suite, were strongly as-
sociated with poor one-year survival.

To assess the validity of cancer-specific adverse event 
triggers, we hypothesized that patients with any adverse 
event trigger would be more likely to die than those with 
no trigger, other things equal. This effect should be evident 
among a cancer cohort as these are patients with serious ill-
nesses undergoing toxic therapies and may have relatively 
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little physiologic reserve to overcome an iatrogenic injury. 
The convergence of triggers, which denotes treatment-related 
adverse events, and mortality would support the construct va-
lidity of event triggers as quality of care measures.

Previous validation studies of adverse event trigger tools re-
lied on concurrent or retrospective medical record review.7-9,31 
Expert clinicians judged whether a trigger indicated that the 
patient suffered harm. Validation rates varied by trigger, with 
PPVs of 17%-45% for groups of triggers comprising a trigger 
tool using physician chart review as the gold standard. Lipitz-
Snyderman and colleagues used this approach to derive the 
triggers employed in the current study, selecting from among 
49 candidate triggers with an aggregate PPV of 44.8% those 16 
items with individual PPVs exceeding 50%.19

We are aware of no previous research applying trigger tools 
to administrative data. However, Iezzoni, Romano, and oth-
ers have used diagnosis and procedure codes to flag potential 
surgical and procedural complications in what have become 
the US Agency for Healthcare Research and Quality's Patient 
Safety Indicators (PSIs).32-34 Validation of the PSIs relied ini-
tially on demonstration of higher-than-expected mortality rates 
among patients with PSI flags compared to patients without, 
correlation with other quality metrics, and retrospective chart 
review of flagged cases.35-38 While many PSI indicators have 
been criticized for lack of or poor validation based on medical 
record review, advocates argue that rate-based metrics (such 
as PSI-3 "failure to rescue") can be validated based on correla-
tion with mortality and other outcome metrics.39

Medical record review is generally the gold standard for 
evaluating the validity of a proposed quality measure. Our 
adverse event triggers were derived from medical record re-
view and then encoded using diagnosis and procedure codes 
for use with billing data. In future research, claims-based 
triggers will need to be "reverse" validated to ensure trig-
gers appropriately identify problematic cases. Several groups 
have described the use of triggers, embedded in electronic 
medical record systems, to flag cases with potential adverse 
events for investigation and mitigation.40-44 That said, there 
is significant potential benefit from trigger tools that use 
administrative data, as these instruments can be used to ex-
amine the performance within and across health care organi-
zations, networks, and regions to characterize patient safety 
outcomes. This is especially important in cancer care, where 
institution and population-level quality metrics are sparse.45 
A measure set that draws from administrative data and spans 
the continuum of cancer care over an initial course of therapy 
may afford clinical leaders, researchers, and policy makers a 
useful tool for assessing disease- and treatment-specific harm 
among extraordinarily vulnerable patients.

This research is subject to several limitations. The OLDW 
includes information about commercial and Medicare 
Advantage patients and our findings therefore may not be 
generalizable to a Medicare Fee for Service or Medicaid 

cohort. Claims-based algorithms may fail to accurately dis-
tinguish patients with late recurrences and to characterize 
those with metastatic disease, although we sought to mini-
mize this problem by drawing on well-validated coding al-
gorithms. Given the burden of disease-related morbidity in 
cancer care, there is expected confounding of adverse events 
attributed to disease and to treatment. We attempted to ad-
dress this inherent challenge by linking treatment exposure 
to triggered event by type of exposure, timing of event rela-
tive to exposure, and duration of event. While this approach 
improved the likelihood that a given trigger was caused by 
treatment, perfect attribution of trigger to treatment would 
require expert chart review. Certain important clinical vari-
ables, such as performance status (ie, the type of assistance 
required to perform normal activities), were unavailable to 
the research team and could affect mortality risk. Although 
we may have underestimated mortality rates given the well-
known limitations of the Social Security Death Master File, 
use of mortality status in OLDW mitigates some concern by 
drawing on multiple data sources.

In sum, this commercial claims-based study found a con-
sistent association between cancer-specific adverse event 
triggers and poor survival among a large cohort of patients 
with breast, colorectal, lung, and prostate cancer. This find-
ing supports the validity of a cancer-specific trigger tool for 
measuring quality of care in oncology, although further re-
search is needed to replicate these findings.
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APPENDIX A

Trigger prevalence within 1 year, by cancer type and metastatic status

Trigger

Nonmetastatic cancer
n = 236 456

Metastatic cancer
n = 86 431

Breast
n = 97 462

Colorectal
n = 33 712

Lung
n = 21 142

Prostate
n = 84 140

Breast
n = 26 791

Colorectal
n = 18 671

Lung
n = 30 169

Prostate
n = 10  800

Any trigger 10.2% 19.2% 32.8% 5.9% 30.9% 41.4% 50.2% 24.6%

Anticoagulation 0.1% 0.2% 0.3% 0.1% 0.2% 0.5% 0.4% 0.2%

Bacteremia/
positive blood 
culture

0.3% 1.1% 1.6% 0.3% 1.4% 3.1% 2.4% 1.6%

Abnormal 
serum 
bicarbonate

1.8% 3.9% 4.7% 1.9% 5.0% 9.3% 7.3% 6.3%

Blood 
transfusion

1.9% 2.6% 12.2% 0.6% 8.8% 9.6% 23.2% 7.6%

C. difficile 
positive

0.3% 1.1% 1.3% 0.2% 1.1% 2.5% 1.8% 0.7%

Noncontrast 
chest CT 
following 
XRT

1.6% 2.1% 10.3% 1.1% 3.0% 4.1% 11.3% 4.9%

Elevated 
creatinine

0.1% 0.3% 0.6% 0.1% 0.5% 0.8% 1.0% 0.4%

Hypoxemia/ 
low oximetry

1.0% 2.8% 12.2% 1.2% 4.0% 5.9% 16.3% 4.6%

Contact 
precautions/
isolation

6.0% 4.1% 6.2% 1.2% 9.5% 6.0% 8.0% 3.6%
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Trigger

Nonmetastatic cancer
n = 236 456

Metastatic cancer
n = 86 431

Breast
n = 97 462

Colorectal
n = 33 712

Lung
n = 21 142

Prostate
n = 84 140

Breast
n = 26 791

Colorectal
n = 18 671

Lung
n = 30 169

Prostate
n = 10  800

Nasogastric 
tube

<11 events 0.5% <11 events 0.1% <11 events 0.6% <11 events <11 events

Nephrology 
consult

0.3% 1.4% 1.3% 0.6% 1.3% 3.1% 2.1% 2.6%

Neutropenic 
fever

4.0% 4.5% 6.7% 0.6% 6.8% 5.7% 7.4% 2.6%

Percutaneous 
drain

0% 0.8% 0.6% 0.3% 0.1% 2.4% 0.5% 0.6%

Abnormal 
serum 
potassium

2.5% 7.3% 8.1% 1.8% 8.7% 17.7% 13.9% 6.9%

Press ulcer 0.3% 1.2% 1.0% 0.2% 0.6% 1.5% 0.9% 0.8%

Return to OR 
or IR

0.1% 2.4% 0.4% 0.6% 0.2% 3.7% 0.4% 0.7%

Note: Values shown in the table are prevalence rates of patients with a trigger within an exposure window among those with the relevant treatment 
exposure.Abbreviations: CT, computed tomography; IR interventional radiology; OR, operating room; XRT, radiation therapy.

APPENDIX B

Observed relative risk of death in the first year of cancer-directed therapy among patients with and without at least 
one trigger event, multivariate analyses by cancer type and metastatic status: sensitivity analysis using alternate as-
sumptions about cases lost to follow-up

LTF excluded LTF included (imputed or died)

N
LTF excluded
OR (95% CI)a N

LTF imputed
OR (95% CI)a

LTF died
(worst case)
OR (95% CI)a

Breast

Breast (nonmetastatic) 85 922 1.64 (1.22, 2.19) 97 462 1.35 (1.03, 1.76) 1.03 (0.90, 1.19)

Breast (metastatic) 24 813 1.68 (1.40, 2.02) 26 791 1.57 (1.31, 1.88) 1.21 (1.05, 1.38)

Colorectal

Colorectal (nonmetastatic) 29 648 1.55 (1.28, 1.88) 33 712 1.44 (1.19, 1.75) 1.10 (0.96, 1.25)

Colorectal (metastatic) 17,074 1.43 (1.25, 1.63) 18 671 1.38 (1.20, 1.58) 1.16 (1.03, 1.30)

Lung

Lung (nonmetastatic) 18 746 1.42 (1.24, 1.62) 21 142 1.38 (1.21, 1.58) 1.27 (1.13, 1.42)

Lung (metastatic) 26 976 1.18 (1.08, 1.28) 30 169 1.16 (1.07, 1.26) 1.13 (1.04, 1.22)

Prostate

Prostate (nonmetastatic) 75 470 2.21 (1.68, 2.91) 84 140 1.96 (1.49, 2.57) 0.92 (0.75, 1.13)

Prostate (metastatic) 10 351 1.95 (1.53, 2.48) 10 800 1.87 (1.47, 2.39) 1.65 (1.33, 2.04)
Abbreviations: CI, confidence interval; LTF, lost to follow-up; OR, odds ratio.a Pooled OR (95% CI) from multivariate logistic regression controlling for treatment 
type, age, gender, race, education, income, Charlson index, and the presence of other triggers. 
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