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Aim & methods: This real-world study examined the association of tumor mutational burden (TMB) with
clinical and healthcare utilization in adults diagnosed with advanced solid tumor 1 January 2015– 31
January 2019. Results: There were 170 patients in low-TMB group (TMB<10 mut/Mb) and 32 in high-TMB
group (TMB ≥10 mut/Mb). Median overall survival was 18.8 (95% CI: 17.3–28.8) and 15.9 months (95%
CI: 11.3–18.0) whereas median progression-free survival was 9.9 (95% CI: 8.6–11.4) and 7.8 months (95%
CI: 3.8–12.5) for the low- and high-TMB groups, respectively. Hospitalization (49.4 vs 37.5%), emergency
visit (25.3 vs 21.9%), and median overall cost of care (US$135,403 vs 87,570) were all lower in low-TMB
group. Conclusion: Despite the limited sample, these data provide a historical perspective for examining
real-world outcomes associated with TMB.

Lay abstract: Tumor mutational burden (TMB) is the total number of mutations found in the DNA of
cancer cells. Knowing the TMB may help plan the best treatment. The goal of this study was to examine
whether higher TMB is directly associated with clinical outcomes or healthcare use and costs in patients
who have not received immuno-oncology treatment. This study included 202 adult patients who were
diagnosed with advanced solid tumors between January 2015 and January 2019. Patients were divided
into two groups based on their TMB level. The study results indicate some relationship between TMB level
and real-world outcomes. Future studies with a larger sample size are needed to confirm these results.
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Tumor mutational burden (TMB), defined as the measurement of the number of mutations carried by tumor cells,
is an emerging biomarker in cancer research. TMB is determined using complex algorithms that compare DNA
sequences between a patient’s tumor and normal tissue to establish the number of acquired somatic mutations. High
mutational burden is typical of cancers arising from exposure to carcinogens (e.g., lung and bladder cancers) and
mutagens (e.g., melanoma) but has also been found in other tumor types [1–3]. The gold standard for determining
TMB is whole-exome sequencing, which yields a number of mutations per megabase pair (mut/Mb); however,
advancing technology has generated a range of next-generation sequencing panels [1,4–6].

The concept of TMB was introduced in 2015 in an investigation on genomic determinants of response to
immune checkpoint inhibitors in patients with non-small-cell lung cancer (NSCLC) [7]. Immune checkpoints are
proteins that can inhibit T cell activity, and are often upregulated in tumors to avoid immune system detection
and attack. Checkpoint inhibitors such as pembrolizumab and ipilimumab can maximize immune activity against
tumors by restoring T cell activity [8–13]. In the seminal study on TMB, whole-exome sequencing on NSCLCs
treated with pembrolizumab revealed an association between higher mutation burden and clinical efficacy [7]. This
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may be explained, in part, by mutations in tumor cell surface proteins that can introduce novel antigens/epitopes
that could be exploited as targets for endogenous immune activity or exogenous chemical or biologic agents [14].

Studies on TMB have revealed that patients with improved outcomes could be retrospectively identified by
examining the relative density of immune checkpoint pathways [15], and higher TMB is associated with longer overall
survival (OS) in patients treated with immune checkpoint inhibitors [6,16,17]. Notably, a study that examined over
1600 advanced cancer patients on immune checkpoint inhibitors showed that TMB was predictive of response to
immunotherapies [6,16]. However, evidence around the prognostic value of TMB in the absence of immunotherapies
is limited.

Immunotherapies have been associated with improved outcomes with a variety of tumor types, including
cholangiocarcinoma, endometrial cancer, gastroesophageal, neuroendocrine, osteosarcoma, urothelial carcinoma,
pancreas, prostate, small intestine, renal and colon cancers [5,13,15,16,18] and a significant correlation was identified
between TMB and response to immune checkpoint inhibitors in 27 distinct tumor types [2,3]. This has broad
implications for the future of clinical cancer treatment; yet, transitioning the use of TMB from clinical research to
the clinical practice raises several practical concerns and questions. Examples include whether TMB is only relevant
to patients who are candidates for immunotherapies, what aspects of TMB or criteria are optimal for treatment
selection and outcomes, and whether TMB in itself has any prognostic value. This study was designed to explore
the associations of TMB with clinical and healthcare resource utilization (HCRU) outcomes, including treatment
patterns and effectiveness, in a sample of patients with solid tumors without prior exposure to immunotherapies.

Materials & methods
Study design & data source
This was a retrospective, observational study using the ConcertAI Oncology Dataset which consists of electronic
medical record (EMR) data available to ConcertAI through data sharing agreements from a network of community
oncology practices representing a geographically and demographically diverse patient population in USA, and
includes unstructured clinical information such as provider progress notes containing relevant information not
widely available in structured EMR data. These data were extracted by trained Clinical Research Nurses from
provider notes, pathology reports and other relevant documents. All data were collected from the date of diagnosis
of advanced or metastatic cancer through the end of third progression defined line treatment, end of record or
death (whichever occurred first). The TMB values were pulled from lab data or physician notes. The results were
based on different assays (e.g., Foundation One, Tempus). Hospitalizations and emergency department (ED) visits
were based on documentation of such visits from the date of diagnosis of advanced or metastatic cancer through
the end of the third-line therapy, the patient record or death. Outcomes were stratified by line of treatment and
TMB results. The cutoff between low and high TMB was 10 mut/Mb based on The Friends of Cancer Research
recommendation [19]. The protocol for this study received institutional review board approval from IntegReview
(TX, USA).

Study patients
All analyzed patients were ≥18 years of age and had been diagnosed with advanced or metastatic solid tumor
carcinoma between 1 January 2015 and 31 January 2019 and presented with ≥1 numeric TMB test result. Patients
who received immuno-oncology therapies at any time were excluded from the study. The data cutoff date was 30
November 2019.

Outcomes
Baseline demographic and clinical characteristics were analyzed, including cancer type, location of metastasis and
rates of comorbidities.

Treatment patterns are reported for the first three lines of therapy. Clinical outcomes included best overall
response, progression-free survival (PFS) and OS assessed from advanced diagnosis date and from start of each
line of treatment for the first three lines. Best overall response was defined based on tumor response information
as noted by the treating physician in the medical records and reported as percentage of patients with ‘favorable’
response, in other words, complete response or partial response. PFS was defined as time from treatment start to
the earlier of disease progression or death. Disease progressions were determined from radiological scan notes from
radiologists and clinical documentation. The terminal event for OS was death. Dates of death were determined
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from the clinical record, structured EMR data, and third-party records (Social Security Death Index). Patients who
did not have terminal events of interest were censored at last observed date.

HCRU end points included incidence of hospitalization, number of office visits in which the physician was seen,
incidence of ED visits, and use of anticancer medications; each assessed weekly or monthly. Cost estimates were
generated by linking unit costs to estimates of utilization. The details of methods used for cost computation are
available elsewhere [20].

Statistical analyses
Descriptive statistics were produced for patient characteristics and all study variables, including means, standard
deviations, medians and minimum and maximum values for continuous variables, and frequencies and percentages
for categorical variables. Unadjusted comparisons across stratified groups were conducted using analysis of variance
(ANOVA) for continuous variables and the Chi-square or Fisher’s exact test for categorical variables. Time to event
outcomes (unadjusted PFS and OS results) were analyzed using Kaplan–Meier methods. Results were interpreted
as significant based on two-tailed α = 0.05.

Results
Patient characteristics
A total of 202 patients with TMB test results were included in the analysis and were categorized as low TMB
(n = 170) or high TMB (n = 32). Mean patient age was 62.1 ± 11.6 years (median: 62.5 years), and the proportion
of patients >65 years was significantly higher in the high-TMB group than low-TMB group (53.1 vs 34.1%;
p = 0.0411). The study population was predominantly White (71.3%) and resided in the US Southern region
(55.4%; Table 1).

The most common tumor types in the full study population were colorectal cancer (31.7%) and biliary tract
cancer (15.3%). The composition of tumor types differed significantly between patients in low- and high-TMB
cohorts (p < 0.0001; Figure 1). Notably, lung cancer was the most frequent tumor type among high-TMB patients
(37.5% of patients) and the lowest among low-TMB patients (2.4% of patients). Despite the high frequency of
colorectal cancer, it was evenly distributed between low- and high-TMB patients (32.4 and 28.1%, respectively).
Some locations of distant metastases showed significant differences by TMB burden. Specifically, the high-TMB
group had a significantly higher rate of brain (21.9 vs 3.5%; p = 0.0001) and adrenal gland (12.5 vs 2.4%; p =
0.0069) metastasis than the low-TMB group (Table 2).

The overall health status of patients in the high-TMB group was generally less favorable than that of low-TMB
patients. Notably, 59.4% of patients in the high-TMB group had at least one comorbid condition versus 37.6%
in the low-TMB group (p = 0.0219). Compared with patients in the low-TMB cohort, those with high TMB
also had significantly higher rates of cerebrovascular accident (12.5 vs 3.5%; p = 0.0319), chronic obstructive
pulmonary disease (34.4 vs 4.1%; p < 0.0001) and myocardial infarction (18.8 vs 2.9%; p = 0.0003) than those
in the low-TMB cohort (Table 2).

Treatment patterns & effectiveness outcomes
Results of the analysis of treatment patterns are summarized in Figure 2. Of low-TMB patients, 161 (94.7%)
received systemic anticancer treatment compared with 24 (75.0%) high TMB. The proportion of patients receiving
systemic treatment in the second- and third-line was numerically higher for low-TMB group than high-TMB
group.

Overall, 49.7, 23.8 and 12.7% of patients experienced a favorable response (complete response or partial response)
following their first, second and third line of treatment, respectively (Table 3). The Kaplan–Meier analysis (Table 4)
revealed median PFS values of 9.86 months (95% CI: 8.6, 11.4) for low-TMB group and 7.75 months (95% CI:
3.8, 12.5) for high-TMB group after their diagnosis date. The median PFS was generally higher for patients in the
low-TMB group versus the high-TMB group after first-, second- and third-line treatment as well. The analysis of
OS revealed median values of 18.76 months (95% CI: 17.3, 28.8) and 15.87 months (95% CI: 11.3, 18.0) after
their diagnosis date for the low- and the high-TMB groups, respectively (Table 5).
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Figure 1. Primary tumor type by cohort.
TMB: Tumor mutational burden.

Healthcare resource utilization & costs
In the HCRU assessment, the low-TMB group had numerically more hospitalization (49.4 vs 37.5%), more ED
visits (25.3 vs 21.9%), and more outpatient medical oncology visits per month (mean 1.6 vs 1.4; Table 6) than the
high-TMB group.

The cost analysis revealed a median overall cost of care of US$135,403 in the low-TMB group versus US$87,570
in the high-TMB group. Corresponding median monthly overall healthcare costs were US$14,159 and 11,628,
respectively (Table 7).

Discussion
In this study, we examined clinical and HCRU outcomes in patients diagnosed with advanced solid tumors who
had ≥1 numeric TMB test result. Results revealed some key underlying differences between patients with high
TMB and low TMB.

With the effectiveness of immune checkpoint inhibitors for multiple tumor types [21], there has been growing
interest in assays to identify patients who are more likely to benefit from these treatments. The recent discovery
of TMB was a major advancement to this end and prompted subsequent research exploring the clinical utility of
this measure. The seminal study on TMB found that patients with NSCLC who were treated with pembrolizumab
and had TMB above the study cohort median had significantly improved outcomes compared with patients with
TMB below the median [7]. Later studies confirmed TMB to be an independent predictor of immune checkpoint
inhibitor response [15,22] and potentially applicable to many types of tumors [2–4,16]. Although the prognostic value
of TMB is still under investigation [6,14,16], one recently published study found that high TMB was not associated
with OS in the absence of immunotherapy [23].

Based on its recent discovery, the basic groundwork for using TMB in the clinic is still being formed. Only
recently a standard for clinically meaningful TMB values was proposed as 10 mut/Mb differentiating high versus
low TMB [19]. Additional efforts include development of practical and efficient ways to assess TMB in real-world
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Figure 2. Treated patients by line of treatment and cohort.
TMB: Tumor mutational burden.

settings, and better understanding of how high and low TMB affects clinical as well as economic outcomes. In
addition to the current study, we also recently examined how TMB is being used in real-world settings to help
address these unmet needs [24].

This study was the first real-world analysis of HCRU and treatment costs by TMB. Our key finding that the
distribution of tumor type (in particular, lung cancer) was significantly different between high- and low-TMB
groups aligns with a prior comprehensive investigation that showed lung cancers were second to only melanoma
for having the highest rate of somatic mutations [25]. A separate study also supports our findings of high TMB in
bladder and colorectal cancers [6].

We observed that patients in the high-TMB group were likely to have more comorbid conditions, brain metastasis
and slightly worse composite performance status than those with low-TMB scores. Interestingly, we also observed
that systemic anticancer treatment was more common among patients with low TMB over the first three lines of
treatment. The meaning of this is still unclear, but perhaps the poorer overall health of high-TMB patients limits
potential treatment options. Investigations are ongoing on the impact of comorbidities on treatment selection, which
appears to vary by cancer type and recommended treatment options [26–28]. The effect of TMB on comorbidities
and/or treatment selection will be an interesting area of future investigation.

Our observation that only about one of six study cases had high TMB also align with previous findings that
high TMB is generally less frequent than low TMB. One large, pan-tumor, retrospective, real-world study that
used a 10 mut/Mb threshold reported high TMB in 12.8% of patients [23]. Another large retrospective study that
used a threshold of 17 mut/Mb found a high TMB in up to 14.6% of samples among 15 gastrointestinal tumor
types [29]. We also noted that prevalence of high TMB was higher for lung cancer patients consistent with prior
study findings [23].

Over time, other aspects of TMB have emerged that may affect future clinical applications. For instance, a
review of over 12,000 tumors noted that 2% to 10% of cancer patients had high mismatch repair-deficient TMB,
which was more common for late stage and metastatic tumors [18]. Our results suggest that TMB by itself is not a
significant clinical prognostic factor for patients treated with nonimmunotherapeutic agents, as we did not observe
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Table 1. Baseline demographics by TMB result.
Variable Low TMB (n = 170) High TMB (n = 32) Overall (n = 202) p-value

Age in years, mean (SD) 61.8 (11.81) 64.1 (10.33) 62.1 (11.60) 0.2882

– Median (range) 62.2 (19.7–86.0) 65.9 (41.1–78.3) 62.5 (19.7–86.0)

Age category, n (%) 0.0411

– ≤65 112 (65.9%) 15 (46.9%) 127 (62.9%)

– �65 58 (34.1%) 17 (53.1%) 75 (37.1%)

Female, n (%) 83 (48.8%) 14 (43.8%) 97 (48.0%) 0.5982

Male, n (%) 87 (51.2%) 18 (56.3%) 105 (52.0%)

Race, n (%) 0.3627

– Black or African American 36 (21.2%) 7 (21.9%) 43 (21.3%)

– Hispanic or Latino 6 (3.5%) 1 (3.1%) 7 (3.5%)

– White 123 (72.4%) 21 (65.6%) 144 (71.3%)

– Other 4 (2.4%) 3 (9.4%) 7 (3.5%)

– Unknown/undocumented 1 (�1%) 0 (0.0%) 1 (�1%)

Race category, n (%) 0.4403

– White 123 (72.4%) 21 (65.6%) 144 (71.3%)

– Minority/unknown 47 (27.6%) 11 (34.4%) 58 (28.7%)

Weight, pounds, mean (SD) 181.6 (46.85) 178.5 (52.07) 181.1 (47.60) 0.7364

– Median (range) 175.1 (87.8–312.0) 166.9 (106.5–314.0) 173.8 (87.8–314.0)

Height, inches, mean (SD) 67.0 (4.44) 66.7 (3.72) 67.0 (4.33) 0.6699

– Median 67.0 (51.4–76.0) 66.0 (58.0–74.0) 67.0 (51.4–76.0)

BMI, kg/m2, mean (SD) 28.4 (7.07) 28.1 (7.81) 28.4 (7.17) 0.8410

– Median (range) 27.1 (15.9–53.1) 25.7 (17.8–50.7) 26.6 (15.9–53.1)

Insurance category, n (%) 0.2356

– Private only 56 (32.9%) 9 (28.1%) 65 (32.2%)

– Public only 40 (23.5%) 13 (40.6%) 53 (26.2%)

– Public and private 26 (15.3%) 3 (9.4%) 29 (14.4%)

– Unknown 48 (28.2%) 7 (21.9%) 55 (27.2%)

Region, n (%) 0.3967

– Midwest 49 (28.8%) 13 (40.6%) 62 (30.7%)

– South 97 (57.1%) 15 (46.9%) 112 (55.4%)

– West 18 (10.6%) 2 (6.3%) 20 (9.9%)

– Northeast 6 (3.5%) 2 (6.3%) 8 (4.0%)

SD: Standard deviation; TMB: Tumor mutational burden.

a significant association between TMB and clinical effectiveness outcomes in our immunotherapy naive study
population. These findings are supported by a recent analysis of more than 5000 patients with metastatic cancers
who were treated with nonimmunotherapeutic agents that also failed to identify an association between high TMB
and improved OS [16]. Additional findings in this burgeoning field of study will be required to fully understand the
best use of TMB in the clinic.

This study had several limitations. First, this was a retrospective analysis that selected for immunotherapy naive
patients with a numeric TMB test result treated in the community oncology setting, yielding a relatively narrow
patient population not representative of other settings (e.g., academic medical centers) or the oncology patient
population at large. This also affected the sample size, reducing our ability to make effective statistical comparisons.
Second, the medical records serving as the data source vary in inclusion, quality, and consistency of source data.
To address this limitation, Clinical Research Nurses specially trained to capture the data in a consistent fashion
performed the data abstractions. Yet, overall, the results from this study should be interpreted and generalized with
caution.
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Table 2. Baseline clinical characteristics by TMB result.
Variable Low TMB (n = 170) High TMB (n = 32) Overall (n = 202) p-value

Tumor stage at initial diagnosis, n (%) 0.4392

– I 9 (5.3%) 3 (9.4%) 12 (5.9%)

– II 18 (10.6%) 4 (12.5%) 22 (10.9%)

– III 16 (9.4%) 5 (15.6%) 21 (10.4%)

– IV 119 (70.0%) 18 (56.3%) 137 (67.8%)

– Undocumented 8 (4.7%) 2 (6.3%) 10 (5.0%)

Tumor stage at advanced/metastatic diagnosis, n (%) 0.6953

– III 11 (6.5%) 1 (3.1%) 12 (5.9%)

– IV 159 (93.5%) 31 (96.9%) 190 (94.1%)

Tumor grade at initial diagnosis, n (%) 0.8288

– 1 8 (4.7%) 1 (3.1%) 9 (4.5%)

– 2 61 (35.9%) 14 (43.8%) 75 (37.1%)

– 3 46 (27.1%) 7 (21.9%) 53 (26.2%)

– Undocumented 55 (32.4%) 10 (31.3%) 65 (32.2%)

TMB assay type, n (%) 0.3468

– Foundation One 101 (59.4%) 20 (62.5%) 121 (59.9%)

– MI Tumor Seek 60 (35.3%) 11 (34.4%) 71 (35.1%)

– Tempus xT 8 (4.7%) 0 (0.0%) 8 (4.0%)

– Other/undocumented 1 (�1%) 1 (3.1%) 2 (1.0%)

Sites of distant metastasis, n (%)

– Adrenal gland 4 (2.4%) 4 (12.5%) 8 (4.0%) 0.0069

– Bone 46 (27.1%) 4 (12.5%) 50 (24.8%) 0.0800

– Brain 6 (3.5%) 7 (21.9%) 13 (6.4%) 0.0001

– Breast 1 (0.6%) 0 (0.0%) 1 (0.5%) 0.6636

– Chest wall 0 (0.0%) 1 (3.1%) 1 (0.5%) 0.0209

– Distant lymph node 43 (25.3%) 10 (31.3%) 53 (26.2%) 0.4823

– Liver 68 (40.0%) 9 (28.1%) 77 (38.1%) 0.2045

– Lung 49 (28.8%) 8 (25.0%) 57 (28.2%) 0.6593

– Malignant pleural effusion 5 (2.9%) 2 (6.3%) 7 (3.5%) 0.3478

– Other 29 (17.1%) 6 (18.8%) 35 (17.3%) 0.8166

– Pancreas 1 (0.6%) 0 (0.0%) 1 (0.5%) 0.6636

– Peritoneum 17 (10.0%) 3 (9.4%) 20 (9.9%) 0.9135

ECOG performance status at index date, n (%) 0.0251

– 0 62 (36.5%) 5 (15.6%) 67 (33.2%)

– 1 44 (25.9%) 14 (43.8%) 58 (28.7%)

– 2 13 (7.6%) 6 (18.8%) 19 (9.4%)

– 3 3 (1.8%) 1 (3.1%) 4 (2.0%)

– 4 1 (�1%) 0 (0.0%) 1 (�1%)

– Undocumented 47 (27.6%) 6 (18.8%) 53 (26.2%)

Composite performance status at index date, n (%) 0.1445

– Impaired 19 (11.2%) 7 (21.9%) 26 (12.9%)

– Not impaired 151 (88.8%) 25 (78.1%) 176 (87.1%)

Weighted comorbidity index score at index date 0.0550

– Mean (SD) 0.7 (1.42) 1.2 (1.26) 0.8 (1.40)

– Median (range) 0.0 (0.0–12.0) 1.0 (0.0–4.0) 0.0 (0.0–12.0)

ECOG: Eastern Cooperative Oncology Group; SD: Standard deviation; TMB: Tumor mutational burden.
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Table 2. Baseline clinical characteristics by TMB result (cont.).
Variable Low TMB (n = 170) High TMB (n = 32) Overall (n = 202) p-value

Comorbidities at index date, n (%)

– Cerebrovascular accident 6 (3.5%) 4 (12.5%) 10 (5.0%) 0.0319

– Chronic obstructive pulmonary disease 7 (4.1%) 11 (34.4%) 18 (8.9%) �0.0001

– Cirrhosis or other serious liver disease 6 (3.5%) 2 (6.3%) 8 (4.0%) 0.4691

– Congestive heart failure 5 (2.9%) 3 (9.4%) 8 (4.0%) 0.0869

– Connective tissue disease 7 (4.1%) 1 (3.1%) 8 (4.0%) 0.7917

– Diabetes 34 (20.0%) 5 (15.6%) 39 (19.3%) 0.5651

– HIV+/AIDS 1 (0.6%) 0 (0.0%) 1 (0.5%) 0.6636

– Leukemia 1 (0.6%) 0 (0.0%) 1 (0.5%) 0.6636

– Metastatic solid tumor (other than primary tumor type) 3 (1.8%) 0 (0.0%) 3 (1.5%) 0.4490

– Myocardial infarction 5 (2.9%) 6 (18.8%) 11 (5.4%) 0.0003

– Renal disease 10 (5.9%) 2 (6.3%) 12 (5.9%) 0.9357

– Surgical treatment for peripheral vascular disease 2 (1.2%) 2 (6.3%) 4 (2.0%) 0.0588

– Ulcer disease 1 (0.6%) 1 (3.1%) 2 (1.0%) 0.1836

– No comorbid disease present 106 (62.4%) 13 (40.6%) 119 (58.9%) 0.0219

ECOG: Eastern Cooperative Oncology Group; SD: Standard deviation; TMB: Tumor mutational burden.

Table 3. Proportions of patients who achieved favorable response (complete response or partial response) by systemic
treatment line and TMB burden result.
n (%) Low TMB (n = 170) High TMB (n = 32) Overall (n = 202)

First line n = 161 n = 24 n = 185

– Favorable response 80 (49.7%) 12 (50.0%) 92 (49.7%)

Second line n = 115 n = 15 n = 130

– Favorable response 29 (25.2%) 2 (13.3%) 31 (23.8%)

Third line n = 65 n = 6 n = 71

– Favorable response 8 (12.3%) 1 (16.7%) 9 (12.7%)

TMB: Tumor mutational burden.

Table 4. Kaplan–Meier analysis of PFS by TMB result.
Variable Low TMB (n = 170) High TMB (n = 32) Overall (n = 202)

From advanced/metastatic diagnosis date

– Events/patients (n) 121/170 23/32 144/202

– Months, median (95% CI) 9.86 (8.6, 11.4) 7.75 (3.8, 12.5) 9.49 (8.3, 11.4)

From first-line treatment start date

– Events/patients (n) 110/161 16/24 126/185

– Months, median (95% CI) 9.30 (7.7, 10.8) 7.36 (5.0, 13.1) 9.26 (7.7, 10.6)

From second-line treatment start date

– Events/patients (n) 76/115 10/15 86/130

– Months, median (95% CI) 5.59 (3.5, 6.4) 3.68 (1.6, 8.0) 5.39 (3.6, 6.3)

From third-line treatment start date

– Events/patients (n) 43/65 4/6 47/71

– Months, median (95% CI) 3.84 (2.7, 5.2) 3.50 (2.0, 4.4) 3.75 (3.0, 4.4)

PFS: Progression-free survival; TMB: Tumor mutational burden.

Conclusion
In this first real-world study investigating the prognostic value of TMB in patients with advanced solid tumors who
were never exposed to immuno-oncology treatment, only about one of six cases had a high-TMB score. Patients
with higher TMB had higher comorbidity rates, higher brain metastasis rate, and more severe illness overall.
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Table 5. Kaplan–Meier analysis of OS by TMB result.
Variable Low TMB (n = 170) High TMB (n = 32) Overall (n = 202)

From advanced/metastatic diagnosis date

– Events/patients (n) 71/170 17/32 88/202

– Months, median (95% CI) 18.76 (17.3, 28.8) 15.87 (11.3, 18.0) 18.60 (16.6, 21.7)

From first-line treatment start date

– Events/patients (n) 67/161 11/24 78/185

– Months, median (95% CI) 18.33 (15.5, 24.8) 13.60 (10.2, 21.8) 18.30 (15.4, 21.8)

From second-line treatment start date

– Events/patients (n) 51/115 9/15 60/130

– Months, median (95% CI) 11.01 (8.3, 13.8) 9.20 (3.2, 12.1) 10.97 (8.3, 12.1)

From third-line treatment start date

– Events/patients (n) 31/65 3/6 34/71

– Months, median (95% CI) 6.74 (5.6, 12.6) 7.62 (2.9, 10.9) 6.83 (5.6, 10.9)

OS: Overall survival; TMB: Tumor mutational burden.

Table 6. HCRU outcomes by TMB result.
Variables Low TMB (n = 170) High TMB (n = 32)

Diagnosis through third-line treatment n = 170 n = 32

– Any hospitalization, n (%) 84 (49.4%) 12 (37.5%)

– Any ED visit, n (%) 43 (25.3%) 7 (21.9%)

– Outpatients visit per month, mean (SD) 1.6 (1.09) 1.4 (0.91)

During first-line treatment n = 161 n = 24

– Any hospitalization, n (%) 33 (20.5%) 4 (16.7%)

– Any ED visit, n (%) 17 (10.6%) 5 (20.8%)

– Outpatients visit per month, mean (SD) 1.6 (1.34) 2.2 (2.20)

During second-line treatment n = 115 n = 15

– Any hospitalization, n (%) 13 (11.3%) 4 (26.7%)

– Any ED visit, n (%) 10 (8.7%) 0 (0.0%)

– Outpatients visit per month, mean (SD) 1.7 (1.32) 1.6 (0.71)

During third-line treatment n = 65 n = 6

– Any hospitalization, n (%) 9 (13.8%) 1 (16.7%)

– Any ED visit, n (%) 3 (4.6%) 0 (0.0%)

– Outpatients visit per month, mean (SD) 1.6 (1.22) 1.9 (0.60)

ED: Emergency department; HCRU: Healthcare resource utilization; SD: Standard deviation; TMB: Tumor mutational burden.

Table 7. HCRU costs by TMB result.
Variable Low TMB (n = 170) High TMB (n = 32)

Diagnosis through third-line treatment n = 170 n = 32

– Monthly overall cost, median (min, max) US$14,159 (US$0, US$292,209) US$11,628 (US$897, US$154,190)

During first-line treatment n = 161 n = 24

– Monthly overall cost, median (min, max) US$11,801 (US$0, US$325,698) US$17,199 (US$897, US$122,574)

During second-line treatment n = 115 n = 15

– Monthly overall cost, median (min, max) US$13,950 (US$0, US$286,423) US$11,587 (US$969, US$137,538)

During third-line treatment n = 65 n = 6

– Monthly overall cost, median (min, max) US$12,668 (US$0, US$398,764) US$19,465 (US$569, US$30,818)

HCRU: Healthcare resource utilization; TMB: Tumor mutational burden.

We observed some correlation between high TMB scores with unfavorable clinical outcomes and higher use of
certain healthcare resources and higher overall healthcare costs than low TMB scores. Even though those results are
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unadjusted and are based on limited sample size, these data provide a benchmark and/or historical perspective for
future research focusing on the real-world effectiveness outcomes associated with TMB. Future studies with larger
sample size are required to confirm these results and further address confounding.

Summary points

• The goal of this study was to examine whether higher tumor mutational burden (TMB) itself is directly associated
with clinical outcomes or healthcare resource utilization and treatment costs in the absence of immuno-oncology
treatment.

• To that end, we compared 170 patients with TMB <10 mut/Mb (low-TMB group) and 32 with TMB ≥10 mut/Mb
(high-TMB group).

• Some notable differences in demographic and clinical characteristics between low- and high-TMB groups were
observed. Patients >65 years were more common in the high-TMB group (p = 0.0411).

• The prevalence of various tumor types differed significantly between patients in low- versus high-TMB cohorts (p
< 0.0001), particularly lung cancer (37.5 vs 2.4% in high- and low-TMB patients, respectively).

• The high-TMB group also had a significantly higher rate of brain (21.9 vs 3.5%; p = 0.0001) and adrenal gland
(12.5 vs 2.4%; p = 0.0069) metastasis.

• Of low-TMB patients, 161 (94.7%) received systemic anticancer treatment compared with 24 (75.0%) in the
high-TMB group.

• Median overall survival was 18.8 months (95% CI: 17.3–28.8) for low-TMB patients compared with 15.9 (95% CI:
11.3–18.0) for the high-TMB group. Median progression-free survival was 9.9 months (95% CI: 8.6–11.4) for
low-TMB patients and 7.8 months (95% CI: 3.8–12.5) for the high-TMB group.

• The hospitalization (49.4 vs 37.5%), emergency visit (25.3 vs 21.9%), and median overall cost of care (US$135,403
vs 87,570) were all lower in the low-TMB group.

• Despite the limited sample size, the results indicate some correlation between TMB level and clinical and
healthcare resource utilization outcomes. Future studies with larger sample size are required to confirm these
results and further address confounding.
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