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Purpose: Disparities in cancer care delivery remain a pressing health-care crisis within the United States (US). The use of immune checkpoint 
inhibitors (ICIs) and their management may be a disparity generator that impacts survival. This retrospective study assessed disparities in 
a cohort of patients with a variety of solid tumors treated with ICIs within a single health-care organization focusing on the impact of race, 
socioeconomic status (SES) and site of care delivery on survival and the development of severe immune-related adverse events (irAEs).
Patients and Methods: Manual chart review was performed on all patients with solid tumors treated with ICIs within a health-care 
organization from 2012 to 2018. Care delivery was dichotomized as DOP (disease-oriented provider at academic center) and COP 
(community oncology provider). Primary and secondary outcomes were overall survival (OS) and rates of grade 3–4 irAEs, 
respectively. Relationships with covariates of interest, including race, socioeconomic status and type of care delivery, were assessed 
among both outcomes.
Results: A total of 1070 eligible patients were identified. Of those, 11.4% were of Black race, 59.7% had either non-small cell lung 
cancer (NSCLC) or melanoma and 82.8% had stage IV disease. Patients of Black race and lower SES were more likely to be treated by 
DOPs (p<0.0001). A superior OS was associated with care delivered by DOPs when compared to COPs (HR 0.68; 95% CI 0.56–0.84; 
p=0.0002), which was durable after accounting for race, SES, histopathologic diagnosis and disease stage. Melanoma patients 
experienced higher rates of severe irAEs (HR 2.37; 95% CI 1.42–3.97; p=0.001). Race, SES and site of care delivery were not 
related to rates of severe irAEs.
Conclusion: In a large health-care organization, patients treated with checkpoint inhibitors by DOPs benefited from a significant OS 
advantage that was durable after controlling for racial and socioeconomic factors, providing evidence that disease-oriented care has the 
potential to mitigate racial and socioeconomic disparities.
Keywords: disparities, healthcare delivery, immunotherapy outcomes

Introduction
Since the United States (US) Food and Drug Administration’s (FDA) approval of ipilimumab in 2011, the use of immune 
checkpoint inhibitors (ICI) has revolutionized the treatment paradigm of most advanced solid tumors.1,2 With 21 indications 
and 10 available agents on the market, medical oncologists are able to extend the survival of patients with solid tumors beyond 
any historical perspective.3,4 Immune-related adverse events (irAEs) occur in 15–90% of patients treated with ICIs, which 
may affect any organ system with variable timing from ICI initiation.5 Medical oncologists must become experts at prompt 
identification, severity grading and treatment of irAEs.6 They should also be comfortable initiating, managing and treating 
related side effects of immunosuppressive therapies. All things considered, ICIs have made a remarkable impact on cancer 
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treatment, and further insight into how to best leverage their benefits will remain of value. As such, initiatives addressing 
cancer-related health disparities and optimizing cancer-care delivery models are imperative.7,8

While innovation and novel treatment approaches drive the field of oncology forward, they also create the potential to 
exacerbate already existing gaps in health outcomes within the US. It is well established that socioeconomic and racial 
disparities persist throughout various aspects of cancer-care.9–13 Continued system-level interventions and research efforts 
are warranted to help address these gaps. Additionally, the effect of increasing cancer-care complexity on varying care 
models, and their relationship to patient outcomes, is another important area of consideration. While most oncology patients 
are treated within community settings, previous data reported superior patient outcomes when surgical oncology care was 
received via high-volume provider practices in academic settings compared to their community affiliates.14,15 Similarly, 
radiotherapy delivered in high-volume facilities may also lead to superior survival in multiple cancers.16,17 However, these 
associations are less frequently examined at the medical oncology level. Moreover, the impact that high-volume, disease- 
oriented providers (DOPs) have on mitigating cancer health disparities is a novel and unanswered question.

We performed a retrospective cohort study of patients diagnosed with a broad range of solid tumor malignancies 
treated with ICIs at a large health-care organization over the span of 7 years. We focused on the impact of medical care 
provided by DOPs versus community-oriented providers (COPs) on survival outcomes. Additionally, these outcomes 
were explored on the basis of socioeconomic status and race.

Materials and Methods
Study Design
This study took place at a 3108-bed health system consisting of 11 community-based hospitals, plus the 1032 bed main 
academic campus location. All affiliated sites are integrated under a single electronic medical record (EMR). Care 
providers were designated as a DOP if they specialized in a specific disease type (ie thoracic oncology, urologic 
oncology, cutaneous malignancies, etc.) and treated patients at the main campus location. Whereas a COP practiced 
general oncology, seeing multiple different cancer types, and treated patients at any of the 19 community clinic 
locations.

Following Institutional Review Board approval, all patients ages ≥18 years, with solid tumors and recipients of 
antineoplastic immunotherapy between the years 2012–2018 were identified by medical record number (MRN) for 
purposes of this study. Manual chart review was performed on all 1070 eligible MRNs with data entry into institutional 
REDCap v10.9.1 for purposes of deidentification and further data analysis.18

Demographic data was gathered including age, gender, marital status, employment status, and self-reported race, if 
listed. Residential zip codes were also collected and categorized into one of three groups based on the percentage of 
individuals living below the poverty line (≤5%, 6% to 10%, and ≥11%). This attribution was performed utilizing the 
Northeast Ohio Community and Neighborhood Data for Organizing (NEO CANDO) website developed and validated by 
Case Western Reserve University.19 Payer information was also abstracted from EMR.

Clinical data was gathered including histopathologic diagnosis, disease stage, ICI agent, date of first treatment 
administration and irAE development. When available, Eastern Cooperative Oncology Group (ECOG) performance 
status at the time of CIT initiation was included and graded from 0 to 5, with 0 indicating a fully active patient, able to 
carry out all pre-disease activities without restrictions and 5 indicating death. Charlson Comorbidity Index (CCI) was 
calculated based on EMR review. Patients were deemed to have severe, grade 3 or 4 irAEs if they required hospitaliza
tion for management of their condition.

The primary outcome was overall survival (OS) from date of immunotherapy initiation to the date of death or date of 
last follow-up. This was analyzed in relation to covariates of interest. Secondary outcomes included cumulative incidence 
rates of grade 3 or 4 irAEs in relation to covariates of interest.

Statistical Methodology
Overall survival (OS) was measured from the date of immunotherapy initiation to the date of death and was censored at the 
date of last follow-up for survivors. Survivor distribution was estimated using Kaplan–Meier methods, and the difference in 
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OS between and among groups was examined by Log rank test.20 Primary independent variables included provider type, race, 
histopathologic diagnosis, disease stage and development of grade 3 or 4 irAEs. The effects of variables of interest on OS were 
evaluated using a multivariable Cox model after adjusting for confounding factors.21 The cumulative incidence of irAE 
development was estimated with death as the competing risk. The Fine and Gray method was used for comparisons of 
cumulative incidence between groups.22 The effect of important factors on time to irAE was further evaluated using 
multivariable Fine and Gray method. All tests are two-sided and p-values ≤0.05 were considered statistically significant.

Results
Baseline Demographic and Clinical Data
Between January 1, 2012, and December 31, 2018, a total of 1070 patients with solid tumors were treated with ICIs throughout 
the health system. The mean patient age was 64.34 years with a greater proportion of male patients compared to female 
patients (57.1% v 42.9%). The racial distribution of interest included 783 (73.2%) White individuals and 122 (11.4%) Black 
individuals. Most identified Medicare as their primary health insurance, followed by private insurance plans and Medicaid 
(49.95% v 40.09% v 9.95%, respectively). Similarly, most patients were retired followed by actively employed and 
unemployed (47.71% v 36.9% v 15.38%, respectively). Married patients accounted for 62.97% of the cohort, the rest 
identifying as single, divorced or widowed. Finally, neighborhood poverty level was assessed, and a majority of the cohort 
(44.74%) resided in areas where ≤5% of the population fell below the federal poverty level, whereas 22.72% of patients 
resided in areas were ≥11% of the population fell below the federal poverty level (Table 1A and B).

Table 1 Patient Characteristics by Race (A) and Care Provider (B)

A

Factors Whole Cohort  
(n = 1070) Frequency 
(%) or Mean (STD)

White (n = 783) 
Frequency (%)  
or Mean (STD)

Black (n = 122)  
Frequency (%)  
or Mean (STD)

p-value

Age (years), mean (STD) 64.34 (13.11) 64.3 (13.2) 63.8 (13.0) 0.647

Sex; n (%)

Female 459 (42.90) 320 (40.87) 66 (54.10) 0.006

Male 611 (57.10) 463 (59.13) 56 (45.90)

Insurance; n (%)

Medicaid 105 (9.95) 54 (6.99) 30 (24.59) < 0.0001

Medicare 527 (49.95) 393 (50.91) 61 (50.00)

Private 423 (40.09) 325 (42.10) 31 (25.41)

Employment; n (%)

Employed 331 (36.90) 255 (39.11) 30 (29.13) 0.001

Retired 428 (47.71) 314 (48.16) 46 (44.66)

Unemployed 138 (15.38) 83 (12.73) 27 (26.21)

Care provider; n (%)

DOP 723 (67.76) 498 (63.76) 102 (83.61) < 0.0001

COP 344 (32.24) 283 (36.24) 20 (16.39)

(Continued)
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Table 1 (Continued). 

A

Factors Whole Cohort  
(n = 1070) Frequency 
(%) or Mean (STD)

White (n = 783) 
Frequency (%)  
or Mean (STD)

Black (n = 122)  
Frequency (%)  
or Mean (STD)

p-value

Marital status; n (%)

Divorced 108 (10.15) 78 (10.01) 15 (12.40) < 0.0001

Married 670 (62.97) 523 (67.14) 43 (35.54)

Single 186 (17.48) 109 (13.99) 50 (41.32)

Widowed 100 (9.40) 69 (8.86) 13 (10.74)

Performance Status; n (%)

0, 1, 2 919 (89.75) 679 (91.26) 104 (88.14) 0.27

3, 4 105 (10.25) 65 (8.74) 14 (11.86)

Immunotherapy (ICI); n (%)

NIVOLUMAB (PD1) 529 (49.44) 378 (48.28) 72 (59.02) 0.006

PEMBROLIZUMAB (PD1) 302 (28.22) 212 (27.08) 33 (27.05)

IPILIMUMAB (CTLA4) 190 (17.76) 160 (20.43) 8 (6.56)

ATEZOLIZUMAB (PD-L1) 32 (2.99) 20 (2.55) 6 (4.92)

DURVALUMAB (PD-L1) 15 (1.40) 11 (1.40) 3 (2.46)

AVELUMAB (PD-L1) 2 (0.19) 2 (0.26) 0 (0.00)

Comorbidity index; 
mean (STD)

9.76 (2.04) 9.74 (2.10) 9.98 (2.06) 0.25

Poverty level; n (%)

≤ 5% 447 (44.74) 367 (50.55) 8 (6.67) < 0.0001

6–10% 325 (32.53) 235 (32.37) 42 (35.0)

≥11% 227 (22.72) 124 (17.08) 70 (58.33)

Stage; n (%)

I 5 (0.48) 1 (0.84) 4 (0.52) 0.6122

II 21 (2.01) 2 (1.68) 18 (2.33)

III 153 (14.63) 14 (11.76) 116 (15.05)

IV 867 (82.89) 102 (85.71) 633 (82.10)

Diagnosis; n (%)

NSCLC 383 (35.83) 258 (32.95) 70 (57.85) <0.0001

Melanoma 256 (23.95) 224 (28.61) 5 (4.13)

RCC 49 (4.58) 38 (4.85) 4 (3.31)

Other 381 (35.64) 263 (33.59) 42 (34.71)

(Continued)
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Table 1 (Continued). 

B

Factors Whole Cohort  
(n = 1070) Frequency 
(%) or Mean (STD)

Disease-Oriented 
Provider (n =723) 
Frequency (%) or 
Mean (STD)

Community 
Oncology Provider 
(n =344) Frequency 
(%) or Mean (STD)

p-value

Age (years); mean (STD) 64.34 (13.11) 62.95 (13.95) 67.28 (10.59) <0.0001

Sex; n (%)

Female 459 (42.90) 317 (43.85) 140 (40.70) 0.3315

Male 611 (57.10) 406 (56.15) 204 (59.30)

Race; n (%)

Black 122 (13.48) 102 (17.00) 20 (6.60) <0.0001

White 783 (86.52) 498 (83.00) 283 (93.40)

Insurance; n (%)

Medicaid 105 (9.95) 74 (10.39) 31 (9.06) 0.0388

Medicare 527 (49.95) 336 (47.19) 190 (55.56)

Private 423 (40.09) 302 (42.42) 121 (35.38)

Employment; n (%)

Employed 331 (36.90) 249 (39.40) 82 (31.06) 0.0472

Retired 428 (47.71) 286 (45.25) 141 (53.41)

Unemployed 138 (15.38) 97 (15.35) 41 (15.53)

Marital status; n (%)

Divorced 108 (10.15) 71 (9.83) 37 (10.91) 0.1005

Married 670 (62.97) 452 (62.60) 216 (63.72)

Single 186 (17.48) 138 (19.11) 47 (13.86)

Widowed 100 (9.40) 61 (8.45) 39 (11.50)

Performance Status; n (%)

0, 1, 2 919 (89.75) 640 (90.14) 279 (88.85) 0.5312

3, 4 105 (10.25) 70 (9.86) 35 (11.15)

Immunotherapy (ICI); n (%)

NIVOLUMAB (PD1) 529 (49.44) 322 (44.54) 207 (60.17) <0.0001

PEMBROLIZUMAB (PD1) 302 (28.22) 199 (27.52) 103 (29.94)

IPILIMUMAB (CTLA4) 190 (17.76) 172 (23.79) 15 (4.36)

ATEZOLIZUMAB (PD-L1) 32 (2.99) 17 (2.35) 15 (4.35)

DURVALUMAB (PD-L1) 15 (1.40) 11 (1.52) 4 (1.16)

AVELUMAB (PD-L1) 2 (0.19) 2 (0.28) 0 (0.00)

(Continued)
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Non-small cell lung cancer (NSCLC) was the most common individual diagnosis followed by melanoma (35.83% 
v 23.95%, respectively), and 82.89% of patients had stage IV disease at the time of immunotherapy initiation. Patients were 
treated most frequently with nivolumab followed by pembrolizumab and ipilimumab (49.44% v 28.22% v 17.76%, 
respectively). DOPs cared for 67.76% of patients while COPs cared for 32.24% of patients. Overall, 89.75% of patients 
had a favorable ECOG performance status of 0–2 with a mean CCI of 9.76 for the entire cohort (Table 1A and B).

When comparing the two racial groups (Table 1A) of interest, Black patients were more likely than White patients to 
be female (54.1% vs 40.87%, p = 0.006), single (41.32% v 13.99%, p < 0.0001), unemployed (26.21% v 12.73%, p = 
0.001), utilize Medicaid as their primary health insurance (24.59% v 6.99%, p < 0.0001) and live in neighborhoods where 
≥11% of the population fell below the federal poverty level (58.33% v 17.08%, p < 0.0001). Additionally, Black patients 
in his cohort were more frequently diagnosed with NSCLC (57.85% v 32.95%, p < 0.0001), whereas White patients were 
more frequently diagnosed with melanoma (28.61% v 4.13%, p < 0.0001). Treatment differed slightly with Black 
patients more likely to receive nivolumab (59.02% v 48.28%, p = 0.006) and White patients more likely to receive 
ipilimumab (20.43% v 6.56%, p = 0.006). Finally, Black patients received primary oncology care from DOPs signifi
cantly more often than their White counterparts (83.61% v 63.76%, p < 0.0001).

When comparing care models utilizing DOPs versus COPs (Table 1B), DOPs were significantly more likely to care 
for patients of younger mean age (62.95 v 67.28, p < 0.0001) and Black race (17% v 6.6%, p < 0.0001). Additionally, 
they tended to see a population that was more frequently employed (39.4% v 31.06%, p = 0.0472), more likely to have 
either private insurance (42.42% v 35.38%, p = 0.0388) or Medicaid (39.4% v 31.06%, p = 0.0388) and more often 

Table 1 (Continued). 

B

Factors Whole Cohort  
(n = 1070) Frequency 
(%) or Mean (STD)

Disease-Oriented 
Provider (n =723) 
Frequency (%) or 
Mean (STD)

Community 
Oncology Provider 
(n =344) Frequency 
(%) or Mean (STD)

p-value

Comorbidity index; 
mean (STD)

9.76 (2.04) 9.49 (1.97) 10.32 (2.08) <0.0001

Poverty level; n (%)

≤ 5% 447 (44.74) 283 (42.94) 163 (48.37) 0.0067

6–10% 325 (32.53) 206 (31.26) 117 (34.72)

≥11% 227 (22.72) 170 (25.80) 57 (16.91)

Stage; n (%)

I 5 (0.48) 5 (0.71) 0 (0.00) 0.4142

II 21 (2.01) 16 (2.28) 5 (1.46)

III 153 (14.63) 101 (14.41) 52 (15.20)

IV 867 (82.89) 579 (82.60) 285 (83.33)

Diagnosis; n (%)

NSCLC 383 (35.83) 196 (27.15) 187 (54.36) <0.0001

Melanoma 256 (23.95) 227 (31.44) 26 (7.56)

RCC 49 (4.58) 32 (4.43) 17 (4.94)

Other 381 (35.64) 267 (6.98) 114 (3.14)

Abbreviations: STD, standard deviation; DOP, Disease Oriented Provider; COP, Community Oncology Provider; ICI, Checkpoint 
inhibitor; PD1, Programmed Death- 1 inhibitor; CTLA4, Cytotoxic T-Lymphocyte-Associated Antigen 4; PD-L1, Programmed Death 
Ligand-1 inhibitor; NSCLC, Non-Small Cell Lung Cancer; RCC, Renal Cell Carcinoma.
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resided in areas where the poverty level was ≥11% of the population (25.8% v 16.91%, p = 0.0067) compared to their 
COP counterparts. From a clinical standpoint, DOPs treated significantly more melanoma patients (31.44% v 7.56%, p < 
0.0001) and utilized ipilimumab to a greater extent (23.79% v 4.36%, p < 0.0001), whereas COPs treated significantly 
more NSCLC patients (54.36% vs 27.15%, p < 0.0001) and utilized nivolumab to a greater extent (60.17% vs 44.54%, 
p < 0.0001). While both subgroups had similar ECOG performance status scores, the CCI was significantly higher among 
patients treated by COPs (10.32 v 9.49, p < 0.0001).

Overall Survival Analysis
The median OS from time of immunotherapy initiation for the entire cohort was 13.1 months (95% Confidence Interval (CI) 
10.9–14.8) with 24- and 48-month survival probabilities of 35.33% and 27.51%, respectively. A survival advantage was 
significantly associated with care delivered by DOPs compared to COPs in both univariate analysis (Hazard Ratio (HR) of death 
0.65; 95% CI, 0.55–0.76; p < 0.0001) and multivariate regression, after controlling for the effects of age, performance status, 
histopathologic diagnosis and disease stage (HR 0.68; 95% CI, 0.56–0.84; p = 0.0002). The median OS among the DOP cohort 
was 15.8 months (CI 13.7–19.2) compared to 8.7 months (CI 6.4–10.3) for the non-DOP cohort, p < 0.001 (Figure 1). Other 
factors significantly associated with improved OS on both univariate analysis and multivariate regression included a melanoma 
diagnosis (multivariate HR 0.44; 95% CI, 0.33–0.58; p < 0.0001), favorable performance status (ECOG 0–2) (multivariate HR 
0.46; 95% CI, 0.35–0.59; p < 0.0001) and non-metastatic disease (Stages I and II vs stage IV) (multivariate HR 0.48; 95% CI 
0.25–0.94; p = 0.0329) and stage III vs stage IV (multivariate HR 0.57; 95% CI, 0.43–0.76; p = 0.0001) (Table 2).

Immune Related Adverse Events
The cumulative incidence of experiencing a severe, grade 3 or 4 irAE at 48- and 96-weeks following immunotherapy 
initiation was 8.0% and 9.3%, respectively. A melanoma diagnosis was significantly associated with severe irAEs in both 
univariate analysis and multivariate regression, after controlling for the effects of age, gender, CCI, care provider, disease 
stage and histopathologic diagnosis (multivariate HR 2.37; 95% CI 1.42–3.97; p = 0.001). While DOPs were associated 
with a significant increase in severe irAEs on univariate analysis (HR 1.88; 95% CI, 1.12–3.15; p = 0.017), this was not 
sustained on multivariable regression (HR 1.53; 95% CI, 0.88–2.65; p = 0.13) (Table 3).

Months after start of immunotherapy

0 12 24 36 48 60 72

0

20

40

60

80

100

DOP (n=723), median OS: 15.8 months
COP (n=344), median OS: 8.7 months

p-value < 0.0001

Figure 1 Kaplan–Meier estimation of overall survival by care provider type. 
Notes: The median survival (95% CI) was 15.8 (13.7, 19.2) months for patients who were treated by a DOP. The median survival (95% CI) was 8.7 (6.4, 10.3) months for 
patients who were treated by a COP. There was a significant difference in OS between DOPs and COPs (p < 0.001).
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Table 2 Cox Regression on Overall Survival

Factor Univariate Analysis Multivariable Regression

HR (95% CI) p-value HR (95% CI) p-value

Age (per year increase) 1.008 (1.002, 1.014) 0.0077 1.01 (0.998, 1.02) 0.1309

Sex (Female vs Male) 1.02 (0.88, 1.19) 0.79

Race (Black vs White) 1.17 (0.92, 1.49) 0.21

Insurance

Medicaid vs Private 1.16 (0.90, 1.51) 0.26

Medicare vs Private 0.89 (0.75, 1.04) 0.15

Employment

Employed vs Unemployed 0.74 (0.58, 0.96) 0.02 0.78 (0.60, 1.03) 0.0775

Retired vs Unemployed 0.93 (0.73, 1.19) 0.57 0.89 (0.66, 1.19) 0.4356

Care provider

DOP vs COP 0.65 (0.55, 0.76) <0.0001 0.68 (0.56, 0.84) 0.0002

Marital status

Divorced vs Widowed 1.01 (0.71, 1.44) 0.97

Married vs Widowed 1.05 (0.79, 1.38) 0.76

Single vs Widowed 1.24 (0.90, 1.70) 0.19

Performance Status (0, 1, 2 vs 3, 4) 0.46 (0.36, 0.57) <0.0001 0.46 (0.35, 0.59) <0.0001

Poverty level

<5% vs ≥11% 1.1 (0.89, 1.35) 0.385

6–10% vs ≥11% 1.1 (0.89, 1.37) 0.38

Comorbidity index 1.03 (0.99, 1.07) 0.11 0.94 (0.88, 0.995) 0.0333

Stage

Stage I/II vs Stage IV 0.45 (0.24, 0.84) 0.013 0.48 (0.25, 0.94) 0.0329

Stage III vs Stage IV 0.56 (0.44, 0.72) <0.0001 0.57 (0.43, 0.76) 0.0001

Diagnosis

NSCLC vs Other 0.94 (0.79, 1.12) 0.4665 0.84 (0.68, 1.03) 0.0893

Melanoma vs Other 0.44 (0.35, 0.55) <0.0001 0.44 (0.33, 0.58) <0.0001

RCC vs Other 0.76 (0.52, 1.10) 0.1391 0.70 (0.47, 1.05) 0.0838

Notes: Univariate analysis - Compared to patients who were treated by community oncology providers (COPs), patients who were 
treated by disease-oriented providers (DOPs) had a lower hazard of death. The hazard ratio of death was 0.65 (95% CI: 0.55–0.76, p < 
0.0001). Significant differences were also apparent comparing patients who had a melanoma diagnosis compared to “other” (HR of death 
0.44; 95% CI: 0.33–0.58; p < 0.001), stage I/II disease compared to stage IV (HR of death 0.45; 95% CI: 0.25–0.94; p = 0.013) and stage III 
disease compared to stage IV (HR of death 0.56; 95% CI: 0.43–0.76; p < 0.001), older age compared to younger age (HR of death 1.008; 
95% CI: 1.002–1.014; p = 0.0077) and employed compared to unemployed (HR of death 0.74; 95% CI: 0.58–0.96; p = 0.02). There is no 
significant OS difference comparing Black vs White patients (p = 0.21). Multivariable regression - After controlling for the effects of age, 
performance status, employment status, histopathologic diagnosis and disease stage there was a significant difference in OS comparing 
the patients who were treated by DOPs to those who were treated by COPs (p = 0.0002). Age and employment status did not remain 
statistically significant. The interpretation is similar for other factors.
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Table 3 The Results from Cox Regression with Death as Competing Risk (Fine and Gray Method) 
on Time to Adverse Event (TTAE)

Factor Univariate Analysis Multivariable Regression

HR (95% CI) p-value HR (95% CI) p-value

Age (per year increase) 1.01 (0.99, 1.03) 0.44 1.002 (0.98, 1.03) 0.85

Sex (Female vs Male) 0.81 (0.53, 1.25) 0.34 0.95 (0.61, 1.47) 0.80

Race (Black vs White) 0.996 (0.52, 1.92) 0.99

Insurance

Medicaid vs Private 0.57 (0.22, 1.46) 0.24

Medicare vs Private 1.16 (0.75, 1.79) 0.51

Employment

Employed vs Unemployed 1.49 (0.68, 3.25) 0.32

Retired vs Unemployed 1.53 (0.71, 3.28) 0.28

Care provider

DOP vs COP 1.88 (1.12, 3.15) 0.017 1.53 (0.88, 2.65) 0.13

Marital status

Divorced vs Widowed 1.04 (0.40, 2.71) 0.94

Married vs Widowed 1.04 (0.50, 2.19) 0.91

Single vs Widowed 0.99 (0.42, 2.34) 0.98

Performance Status (0, 1, 2 vs 3, 4) 1.06 (0.51, 2.22) 0.88

Poverty level

<5% vs ≥11% 1.7 (0.93, 3.08) 0.083

6–10% vs ≥11% 1.25 (0.65, 2.39) 0.503

Comorbidity index 1.03 (0.99, 1.07) 0.11 1.11 (0.97, 1.28) 0.12

Stage

Stage I/II vs Stage IV 0.93 (0.23, 3.85) 0.92

Stage III vs Stage IV 1.12 (0.63, 1.98) 0.70

Diagnosis

NSCLC vs Other 0.78 (0.43, 1.41) 0.411 0.78 (0.44, 1.39) 0.40

Melanoma vs Other 2.43 (1.47, 4.01) 0.0005 2.37 (1.42, 3.97) 0.001

RCC vs Other 1.51 (0.59, 3.88) 0.392 1.57 (0.61, 4.04) 0.35

Notes: Univariate analysis - Compared to patients who were treated by community oncology providers (COPs) patients who 
were treated by disease oriented providers (DOPs) were more likely to have an immune-related adverse event (irAE). The hazard 
ratio of having an irAE was 1.88 (95% CI: 1.12–3.15; p = 0.017). Comparing patients with a melanoma diagnosis to those with 
another diagnosis, those with melanoma were more likely to have an irAE. The hazard ratio of having an irAE was 2.43 (95% CI: 
1.47–4.01; p = 0.0005). The interpretation is similar for other factors. There is no significant difference in time to adverse event 
(TTAE) based on race (p = 0.99). Multivariable regression - After controlling for the effects of age, gender, comorbidity index and 
diagnosis there was no significant difference in TTAE comparing the patients who were treated by COPs and patients who were 
treated by DOPs (p = 0.13). However, a significant difference in TTAE remains when comparing the patients who had melanoma 
and patients with other cancer types (p = 0.001).
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Discussion
This retrospective study, conducted within a large single health-care organization, provides important insight into outcomes when 
utilizing CIT in a real-world setting. Most notably, results indicate a significant differential survival advantage of 7.1 months 
when patients receive care from DOPs compared to COPs (HR of death 0.65; 95% CI, 0.55–0.76; p < 0.0001). This effect was 
sustained after a multivariable regression controlling for covariates of interest including age, performance status, comorbidity 
index, histopathologic diagnosis and disease stage (HR of death 0.68; 95% CI, 0.56–0.84; p < 0.0001). Despite a paucity of 
related research in the solid tumor medical oncology setting, these results support previous outcomes identifying superior OS 
among patients receiving care from high-volume, disease specific, medical oncology providers in the setting of pancreatic and 
esophago-gastric malignancies.23,24 To our knowledge, this is the first description of superior outcomes of patients treated with 
checkpoint inhibitors by DOPs. Continued research will be necessary to further corroborate these findings.

EDUCATIONAL 

SESSIONS

INTEGRATED HEALTH SYSTEM

ACADEMIC SITE COMMUNITY SITES

STANDARDIZED CLINICAL 

ONCOLOGY PATHWAYS

STANDARDIZED 

DIAGNOSTIC PANELS

INTEGRATED TUMOR 

BOARDS

INTEGRATED CLINICAL 

TRIALS

PROVIDER

PARTNERSHIPS

Figure 2 Graphical representation of suggested academic and community site integration measures to address provider disparities. 
Note: Arrow directionality represents which providers will receive primary benefit from the suggested measure (ie, integrated tumor boards will primarily benefit 
community oncology providers).
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Like most institutions, DOPs within this study practice at a large, academic referral center, as opposed to smaller 
community-based locations. Furthermore, DOPs are identified as experts treating their respective disease niches and care 
for these patients in a high-volume setting. Whereas non-DOPs frequently practice at community-based sites, and while 
equipped to adequately treat a range of cancer diagnoses, they inevitably see a lower volume of each individual disease 
entity. This volume–outcome relationship, and its associated factors, likely account for these results. Contributing factors 
may be recognized at both the provider and institutional level, even when integrated into one large health system. At the 
provider level, it is speculated that variations may include overall experience and confidence when treating a specific 
diagnosis or utilizing specific treatment regimens. At the institutional level, there may be discrepancies in early access to 
diagnostic technology or therapeutic approaches along with differing levels of multidisciplinary engagement when 
comparing academic and community-based sites. In the age of genomic sequencing, targeted therapy/precision medicine 
and immunotherapy, treatment of each individual cancer diagnosis is becoming highly nuanced.25 As an example, there 
are currently 13 subpopulations of NSCLC that are treated differently based on genomic and programmed death-ligand 1 
(PD-L1) testing results.26 This rapid evolution makes it uniquely challenging for COPs to stay abreast of all aspects of an 
ever-changing field. Additionally, DOPs at academic institutions frequently have access to and experience treating 
patients within clinical trials studying novel therapeutic approaches, like CIT, prior to their FDA approval. Over time, 
this fosters greater confidence and clinical aptitude when managing individual patient variations and complications, such 
as irAEs, in response to treatment. As such, there is often a slower uptake of newly approved treatment regimens within 
the community setting. A 2011–2015 study assessing CIT utilization in the metastatic melanoma population found that 
greater than 80% of health systems treating the largest fractions of patients with immunotherapy were academic 
centers.27 Additionally, the academic environment provides an infrastructure with greater access to diagnostic technol
ogy, multidisciplinary support and collaborative subspecialist care when needed, preferentially benefiting DOPs.

While evidence that differential patient outcomes exist between care providers lessens an important knowledge gap in the 
medical oncology literature, how we counteract this discrepancy is of greater value (Figure 2). Most recently, oncology clinical 
pathways have been strategically adopted by a variety of cancer centers in order to promote the delivery of evidence-based care. 
The American Society of Clinical Oncology (ASCO) defines clinical pathways as “evidenced-based treatment protocols for 
delivering cancer care to patients with specific disease types and stages.”28 From 2014 to 2016, there was a 42% increase in the 
number of oncology practices compliant with oncology clinical pathways.29 And in 2016, the ASCO Task Force on Clinical 
Pathways defined many criteria for high-quality oncology pathway program development. Among others, they should be expert 
driven, transparent, evidence-based, patient focused and promote participation in clinical trials.30 Hybrid academic-community 
practice institutions have reported on the benefits of integrating such multidisciplinary oncology pathways into EMR, with 
community oncologists specifically reporting greater practice efficiency while decreasing necessity to obtain treatment opinions 
from their disease-oriented, academic colleagues.31,32 This application also has the potential for reducing drug spending.33 

However, restrictions that inherently permeate clinical pathways may also negatively impact patient care and uptake by 
providers. Payers may utilize such resources in order to limit the reimbursement of different therapies, creating a myriad of 
stipulations and barriers that prevent access to certain standard of care options that may not be included in a certain pathway.32

Vertical integration of oncology practices has increased remarkably over the past two decades. In 2017, 55–60% of the 
medical oncology practices were acquired by larger hospital-based health-care organizations.34,35 The model of full-spectrum 
health-care organizations offering primary through quaternary care often involves an academic medical center with their 
faculty and community practice physicians.36 The resulting interface between providers with different scopes of practice has 
the potential to further promote the delivery of evidence-based, high-quality oncology care to patients closer to home. For 
instance, combined community and academic virtual tumor boards have the potential to offer COPs the opportunity to obtain 
a multidisciplinary review of their challenging cases within a convenient platform. Real-world effects of such integration have 
resulted in treatment regimen modifications and facilitation of appropriate clinical trial participation.37 Additionally, creating 
an infrastructure that allows COPs to actively participate and enroll their patients in clinical trials without the need for provider 
referral would be of great value. This would afford superior patient access to treatment that may otherwise be prohibitive based 
on treatment location restraints. Further, providers would gain familiarity and necessary experience utilizing new and 
upcoming therapies. Successful integration of this measure would rely on strong educational initiatives provided by principal 
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investigators to oncologists at affiliated sites along with institutional buy-in for resource allocation to develop extended 
clinical trial support staff.

Other areas of benefit include development of standardized, disease-specific programs promoting compliance with 
high-quality oncology care – such as precision medicine – throughout the whole health-care organization. A recent real- 
world analysis determined rates of comprehensive genomic testing for patients with advanced/metastatic NSCLC treated 
mainly at community sites remains very low, with less than 50% of patients tested in compliance with national 
guidelines.10 To address such gaps, our institution has established a precision medicine program within the thoracic 
oncology domain. In this model, reflex, centralized testing with next-generation sequencing (NGS) and PD-L1 analysis 
are obtained for all newly diagnosed stage IV NSCLC patients throughout both academic and community sites.38 

Resulting information is used at a comprehensive molecular tumor board, providing community oncologists with 
treatment recommendations based on actionable genomic alterations.38 Following implementation of this program, 
there was a statistically significant increase in utilization of targeted therapies, as well as a significant decrease in the 
turn-around time for both NGS and PD-L1 test results.38 Finally, providing COPs within the community direct, one-on- 
one access to specific DOPs would allow for greater patient care collaboration. This could materialize in multiple ways 
such as integration of DOPs into community sites where they would not only see patients but also provide guidance to 
other providers on an as needed basis. Another feasible option would be identification of specific DOPs who could act as 
academic liaisons, or a point of contact, for a subset of COPs. This would allow DOPs the opportunity to guide COPs 
when addressing more nuanced areas of patient management as the need arose. Finally, periodic disease-specific 
educational sessions and meetings could be held to discuss topics such as new treatment recommendations, clinical 
trial availability and any areas of provider concern regarding disease workup and management. Though prior examples 
certainly do not embody the full scope of integrative opportunities, they do provide a foundation upon which to act.

While opportunity for improved patient outcomes exists with the implementation of the above initiatives, the practicality 
of such engagement for COPs remains a difficult obstacle to overcome. With such a wide scope of practice, it may be 
challenging to actively engage in multiple tumor boards or have the bandwidth to become familiar with various clinical trials 
among a range of diagnoses. However, as oncologic innovation continues to accelerate, treatment of individual malignancies 
will likely become more precise with greater individual variation placing increasing demands on COPs. Recognizing this, 
some aspects of sub-specialization at the community level may be of value. Whether this entails providers preferentially caring 
for one disease entity or a larger yet limited number, many benefits may be realized including, improved ability to stay up to 
date within focused disease areas, enhanced confidence in patient management, ability to attend necessary tumor board or 
educational meetings, and the opportunity for improved collaboration within clinical groups as those with a disease focus can 
provide expertise that other colleagues may lack.39 Of course, implementation of such care would hinge on the size and scope 
of an individual practice and would not be practical for all. Nonetheless, efforts to promote varying models of sub- 
specialization within the community may also help improve patient outcomes.

Importantly, results from this study also show that the DOP cohort included a significantly higher prevalence of Black 
patients compared to the COP cohort (17% v 6.60%), and those of Black race were more likely to be unemployed 
(26.21% v 12.73%), live in a neighborhood with a poverty rate ≥11% (58.33% v 17.08%) and have Medicaid as their 
primary health insurance (24.59% v 6.99%). Based on a multitude of previous research, low socioeconomic status (SES) 
has the potential to promote poor cancer outcomes due to increased risk of environmental exposures, unhealthy behaviors 
such as excess tobacco and alcohol use, and lack of health-care resources, most notably insurance.9 Additionally, while 
cancer-associated mortality has declined for all racial groups since the early 1990s, the Black population continues to 
experience the highest mortality rate for most cancer subtypes, and their 5-year survival rate is typically lower in 
comparison to their White counterparts, at every stage of diagnosis.40 Despite these existing data, racial disparities were 
not identified in this study and differential survival outcomes were not realized among other social determinants of health 
including poverty level, employment status and health insurance type, all major contributors to SES and resulting cancer 
health disparities. These results are remarkably important, suggesting that access to expert level, disease-oriented care 
has the potential to mitigate pervasive racial and socioeconomic cancer health disparities.

The academic institution where this study took place is located within Ward 6, one of Cleveland’s most impoverished 
communities. Here, the poverty rate reaches 41.62%, with Black individuals accounting for 75.58% of the population.19 
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This local demographic datum likely accounts for a portion of the differences in racial distribution seen between DOPs 
and COPs. Historically, racial minorities are less likely to travel to receive medical care and are more likely to seek care 
at safety-net or public hospitals that may lack the supportive infrastructure of academic centers.4 However, Cleveland’s 
main safety net hospital requires an approximate one-hour commute via public transportation for individuals residing in 
this general location. This makes the academic center of this large health-care organization uniquely situated to provide 
expert-level care to a characteristically vulnerable population that may not have the opportunity to access such resources 
otherwise. Hence, we hypothesize that DOPs may afford all patients superior centralized care, optimized treatment 
schedules, improved identification of disease progression and easy access to subspecialty consultants that deliver expert 
management of clinical intercurrences. Access to clinical trials may also be superior for DOP-treated patients. 
Accordingly, racial and socioeconomic disparities were not identified in this study, potentially due to preferential benefits 
experienced by vulnerable and disadvantaged populations.

Analyzing the rate of severe, grade 3 or 4 irAEs identified significant differences among disease diagnoses. At 48 and 96 weeks 
following the initiation of immunotherapy, incidence of severe irAEs for melanoma patients reached 13.4% and 15.2%, 
respectively. Incidence among NSCLC and renal cell carcinoma (RCC) patients over the same time frames only reached 4.7% 
and 5.0%, and 6.3% and 6.3%, respectively. While there was a significantly higher rate of severe irAEs identified among the DOP 
cohort compared to the COP cohort, this difference was not upheld within a multivariable regression after controlling for factors 
such as age, sex, comorbidity index and histopathologic diagnosis. These results are likely secondary to the frequency and 
combination use of certain ICIs among differing cancer diagnoses. Any grade irAEs occur in 60% of patients treated with 
ipilimumab, the only cytotoxic T-lymphocyte associated protein 4 (CTLA-4) antibody, with 10–30% categorized as severe.41 In 
comparison, the incidence of irAEs in relation to anti-programmed cell death protein 1 (PD-1) and PD-L1 antibodies is 
significantly less frequent with only 10% of patients developing severe irAEs.32 Furthermore, the combination of anti-CTLA-4 
and anti-PD-1 antibodies, ipilimumab and nivolumab, leads to both increased incidence and severity of irAEs.41 Compared to 
other diagnoses, melanoma is most frequently treated with this combination regimen. Furthermore, results did not identify any 
racial or socioeconomic differences in the setting of immune-related toxicities.

It is recognized that there are many limitations to the present study. First, this was a retrospective design that does not hold 
the same weight as a prospective cohort study addressing the same question of interest. Variables were assessed based on chart 
review of patients cared for by a heterogeneous group of providers over a seven-year period. Subjective data, including 
performance status, were dependent on interpretation of the provider. Additionally, development of severe irAEs was 
determined based on patient hospitalization. This relies heavily on individual physician judgment as irAEs may be mis
diagnosed or erroneously graded. Furthermore, some patient data could not be identified based on chart review. Variable rates 
of missing data were apparent for all patient characteristic categories except age, sex, immunotherapy type and comorbidity 
index. Missing data were most prominent among employment status with 16% unavailable, poverty level with 7% unavailable 
and performance status with 4% unavailable. While this does not account for a significant proportion of available data, its 
potential effect on the above results is unknown. Information regarding clinical trial participation was not obtained and, hence, 
not utilized as a covariate of interest that could have affected outcomes.

Finally, this retrospective study offers insight into real-world patient outcomes utilizing CIT for multiple malignancy 
types in a large health-care organization. The results demonstrate a superior survival benefit among patients receiving 
care from DOPs in an academic setting, adding to a limited fund of existing data suggesting similar provider-level 
variations through a solid tumor and medical oncology lens. Furthermore, no survival disparities were identified based on 
race or SES. In fact, it is important to acknowledge that DOPs cared for a significantly larger proportion of patients living 
in highly impoverished communities and of Black race. This suggests that access to expert-level care at an institution 
with a strong infrastructure can potentially counterbalance some longstanding cancer health disparities. These provoca
tive results suggest a potential benefit for greater collaboration between disease-oriented and community oncologists 
along with improved system-wide care coordination through multidisciplinary approaches, especially in large health-care 
organizations such as the one described in this study. Furthermore, multiple potential areas for improvement have been 
highlighted above. In light of rising cancer-care complexity, implementation of these changes must be prioritized to help 
close the apparent gaps generated by differential access to expert-level care.
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Conclusion
This is a retrospective large cohort of patients with solid tumors who received immune checkpoint inhibitors at a large 
health-care organization over a seven-year period. Patients treated by academic clinicians experienced superior overall 
survival when compared to patients treated by community-based oncologists. Patients of Black race and lower socio
economic status were more likely to be treated by academic oncologists. As consensus disparities data show worse health 
outcomes for Black and patients of lower socioeconomic status, this study demonstrated no significant differences in 
overall survival based on race, payer or socioeconomic status. This study highlights the opportunities associated with 
vertical integration of oncology practices for delivery of high-value oncology care.
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