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Objectives: The REVEL study demonstrated improved efficacy with ramucirumab plus docetaxel versus placebo
plus docetaxel for previously treated advanced/metastatic non-small-cell lung cancer (NSCLC) without further
detriment to patient quality of life, symptoms, or functioning. This post hoc analysis explored the association
between baseline Lung Cancer Symptom Scale (LCSS) Average Symptom Burden Index (ASBI) and efficacy.
Materials and methods: Baseline ASBI scores were the average of the 6 LCSS symptom components. Low and high
symptom burden (LSB < median, HSB > median) were analyzed across and by treatment arms for effects on
overall survival (OS), progression-free survival (PFS), and objective response rate (ORR) using the Kaplan-Meier
method and Cox proportional hazards model.

Results: Baseline LCSS compliance was approximately 78% in both REVEL treatment arms. Patients with LSB
versus HSB had fewer poor prognostic factors. The HSB patient population significantly overlapped with pre-
viously identified aggressive disease subgroups (rapidly progressing disease or refractory to first-line treatment).
Patients with LSB versus HSB had significantly improved OS (P < 0.0001), PFS (P < 0.0001), and ORR
(P = 0.0003) regardless of treatment, with superior ORR and PFS but not OS in the ramucirumab plus docetaxel
arm. Patients with HSB treated with ramucirumab plus docetaxel versus docetaxel had improved OS (median,
7.39 vs. 5.95 months; HR 0.749 [95% CI 0.610-0.920]; P = 0.0308), PFS (median, 4.01 vs. 2.63 months; HR
0.749 [0.619-0.907]; P = 0.0202), and ORR (18% vs. 11%; P = 0.0458). Of patients with rapidly progressing
disease, 57% (92/162) also had HSB.

Conclusions: Baseline ASBI may be an independent prognostic factor in this large second-line cohort of patients
with advanced NSCLC. The preservation of improved PFS and OS in the HSB cohort suggests that the addition of
ramucirumab to docetaxel provides benefit in patients with greater symptom burden, consistent with previous
data on REVEL patients with aggressive disease.

1. Introduction likely experience disease progression after first-line therapy. Patients

with notable characteristics of aggressive disease, such as refractoriness

Non-small-cell lung cancer (NSCLC) continues to be one of the most
commonly diagnosed and lethal cancers worldwide. Approximately
70% of patients are diagnosed with late-stage disease, and the 5-year
survival rate for stage IIIB/IV NSCLC is 5% [1,2]. Regardless of treat-
ment, patients with advanced or metastatic NSCLC at diagnosis will

to first-line treatment or rapid time to progression on first-line treat-
ment, have a poor prognosis in the second-line setting [3-6]. Recent
exploratory subgroup analyses have demonstrated the benefit of anti-
angiogenic therapy in combination with docetaxel for patients with
rapidly progressing or refractory NSCLC [4,7-10]. In addition, the
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identification of predictive or prognostic markers that would enrich
future clinical trial populations for patients who may respond better to
antiangiogenic treatment may improve outcomes even further.

Ramucirumab in combination with docetaxel is approved by the US
Food and Drug Administration, the European Medicines Agency, and
Japan’s Pharmaceuticals Medical Devices Agency in the second-line
setting to treat patients with advanced NSCLC who progressed on or
after platinum-based chemotherapy based on the results of the phase III
REVEL study (ClinicalTrials.gov Identifier NCT01168973) [11,12].
Patients in the REVEL study treated with ramucirumab plus docetaxel
had improved overall survival (OS) (10.5 vs. 9.1 months; hazard ratio
[HR] 0.86 [95% confidence interval (CI) 0.75-0.98]; P = 0.023), pro-
gression-free survival (PFS) (4.5 vs. 3.0 months; HR 0.76 [95% CI 0.68-
0.86]; P < 0.001), and objective response rate (ORR) (23% vs. 14%;
odds ratio [OR] 1.89 [95% CI 1.41-2.54]; P < 0.0001) compared with
patients treated with docetaxel [11]. Consistent with a manageable
toxicity profile, patient-reported symptoms and quality of life (QoL), as
well as clinician-reported patient functioning measured by the Lung
Cancer Symptom Scale (LCSS) and Eastern Cooperative Oncology
Group performance status (ECOG PS), were similar between treatment
arms [13]. Similar results were seen in exploratory subgroup analyses
of patients from the REVEL study. These results demonstrated that
patients refractory to first-line treatment (those with a best response of
progressive disease [PD] to first-line therapy) and patients with rapidly
progressing disease (those with a time to progression on first-line
therapy within 9, 12, or 18 weeks or those who had < 9 months be-
tween the start of first- and second-line therapy) had similar efficacy
and safety outcomes to the intent-to-treat (ITT) population [7,8,11].

Patients with NSCLC experience symptoms that commonly include
dyspnea, cough, fatigue, anorexia, and pain, which affect the physical
as well as functional aspects of a patient’s QoL [14-16]. Symptom
burden is significantly higher in patients with more advanced NSCLC
[17] and in those receiving more advanced lines of treatment [18].
Thus, control of symptoms and maintenance of QoL for patients with
advanced NSCLC are essential parts of the decision-making process
regarding treatment options and provide crucial information for the
assessment of disease, clinician-reported functional status, and treat-
ment symptom burden as well as the effectiveness of treatment [13,19].

The potential prognostic value of patient symptoms and function for
survival in cancer clinical trials has been previously noted [20-23].
Specific to lung tumors, baseline patient-reported symptoms, as mea-
sured by the LCSS and the Average Symptom Burden Index (ASBI;
average of the 6 symptom components of the LCSS) have demonstrated
prognostic value for OS in post hoc analyses of both malignant me-
sothelioma and nonsquamous NSCLC [24,25]. Understanding the po-
tential prognosis of patients can be important information when bal-
ancing the selection of new drug therapies based on risk, tolerability,
and clinical benefit for any given patient.

In this post hoc analysis of the randomized, controlled phase III
REVEL study, we studied the association of baseline symptom burden
with the efficacy of ramucirumab plus docetaxel. Our objectives were to
(1) describe the patient population experiencing low symptom burden
(LSB) and high symptom burden (HSB) per the LCSS ASBI, (2) evaluate
the prognostic value of baseline ASBI in patients with advanced or
metastatic NSCLC in the second-line setting, and (3) evaluate the effi-
cacy of ramucirumab in the ASBI-defined subgroups.

2. Materials and methods
2.1. Patients and treatment

The phase III REVEL study design has been published previously
[11]. Patients included in this study were at least 18 years of age with
histologically or cytologically confirmed squamous or nonsquamous
stage IV NSCLC who had progressed during or after a single platinum-
based chemotherapy regimen, with or without bevacizumab or
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maintenance therapy. At study entry, patients were required to have an
ECOG PS of 0 or 1. Patients were randomized 1:1 to receive intravenous
docetaxel 75 mg/m? plus intravenous ramucirumab 10 mg/kg or in-
travenous docetaxel 75 mg/m? plus placebo on day 1 of a 21-day cycle
until radiographically confirmed disease progression, unacceptable
toxicity, withdrawal, or death.

2.2. Assessments

The timing and measurement of survival, progression, response rate,
and LCSS-measured tumor-related symptoms have been described
previously [11,13,26]. The LCSS patient scale is a reliable and valid
lung cancer-specific instrument measuring patient-reported symptoms.
The LCSS questionnaire consists of nine items, each scored with a 100-
mm visual analog scale, used to evaluate six lung cancer symptoms
(appetite loss, fatigue, cough, dyspnea, hemoptysis, and pain) and 3
global items assessing total symptomatic distress, activity status, and
quality of life (symptom distress, activity level, and global QoL). Each
item is scored from 0 (none) to 100 (worst). LCSS data were scored
according to developer guidelines (http://www.lcss-ql.com/). The ASBI
was calculated as the mean of the six symptom items, and the LCSS total
score was calculated as the mean of all nine items. For a given assess-
ment, the ASBI or the LCSS total scores were not calculated if there
were one or more missing values. A higher score for ASBI or LCSS total
score represented a higher level of symptoms. For this post-hoc ana-
lysis, symptom burden subgroups were pre-defined in our analysis plan
based on previous literature [25] by the calculated baseline median
ASBI as the LSB group (ASBI < median) and the HSB group (ASBI >
median).

For subsequent comparison with the symptom subgroups, refractory
patients were defined as those with “PD as the best response to prior
therapy,” and patients with rapidly progressing disease were those with
“time to progression on first-line therapy within 12 weeks” [7,8].
Several cut-points of time to progression on first-line therapy were
previously assessed [7]. Cut-points in multiples of 3 weeks were iden-
tified to align with a typical cycle length in first-line therapy. Patients in
the REVEL study with a time to progression on first-line therapy within
9, 12, and 18 weeks had similar efficacy and safety results [6,8]. The
12-week threshold also aligns with a typical first post-baseline scan and
was chosen as the representative cut-point in the present analysis for
patients with rapidly progressing disease.

2.3. Statistical methods

Survival data were analyzed using the Kaplan-Meier method and
Cox proportional hazards regression model stratified by randomization
strata as previously reported [11]. We compared ORRs (percentage of
patients with a complete response [CR] or partial response [PR]) and
disease control rates (DCR; percentage of patients with CR, PR, or stable
disease [SD]) in each treatment group using the Cochran-Mantel-
Haenszel test. Logistic regression analysis was used to associate be-
tween the best tumor response (ORR, DCR) and ASBI. In the model, the
binary objective response (CR/PR vs. SD/PD) was the dependent vari-
able and the LCSS variable was the independent variable. The model
was adjusted by pre-specified baseline characteristics: geographical
region, ECOG PS, prior maintenance therapy, sex, smoking history,
histology, best response to platinum-based chemotherapy, prior taxane
treatment, prior bevacizumab, epidermal growth factor receptor status,
age, race, and time since prior therapy [11]. Treatment effect within
each subgroup was considered significant with a P value of less than
0.05; the interaction effect between treatment and subgroup was con-
sidered significant with a P value of less than 0.20 as previously de-
scribed [25,27]. Overlap between the populations of REVEL patients
with aggressive (refractory or rapidly progressing) disease and those
with HSB were assessed using chi-square tests. Subgroups of patients
from the REVEL study with refractory or rapidly progressing disease
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Table 1
Baseline LCSS Score Summary.
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LCSS Item Mean (SD) Median Patients with LCSS <median, n Patients with LCSS > median, n
Symptom scales

Loss of appetite 28.5 (26.5) 20.5 512 512
Fatigue 39.0 (26.6) 40.0 517 511
Cough 28.6 (27.7) 20.0 523 507
Dyspnea 29.7 (28.0) 22.0 525 504
Hemoptysis 2.6 (8.3) 0.0 652 380
Pain 25.8 (28.2) 14.0 523 510
Global scales

Symptom distress 29.6 (27.5) 22.0 518 510
Activity level 35.5 (27.7) 31.0 520 507
Global QoL 36.6 (25.6) 34.0 512 504
ASBI* 25.7 (16.3) 24.3 497 497
LCSS total score” 28.5 (17.4) 26.9 488 487

Abbreviations: ASBI, Average Symptom Burden Index; LCSS, Lung Cancer Symptom Scale; QoL, quality of life; SD, standard deviation.
? Average symptom burden index (ASBI) was defined for each patient at each LCSS assessment as the mean of all six symptom-specific items. For a given
assessmentif any of the six symptom-specific questions was not completed, the ASBI was not calculated. A high ASBI score represents a high level of symptoms/

problems.

> The LCSS total score was defined as the mean of all nine items. For a given assessmentif any of the nine items was not completed, the total score was not

calculated. A high total score represents a high level of symptoms/problems.

were previously described [7,8].

3. Results
3.1. Patients

At baseline, overall LCSS compliance was approximately 78% in
both treatment arms, and 994 patients had ASBI values [13]. Baseline
ASBI scores were available for 493 (79%) of 628 ramucirumab plus
docetaxel patients and 501 (80%) of 625 placebo plus docetaxel pa-
tients [13].

The median baseline ASBI score was 24.3 and the mean was 25.7
(Table 1). There were 497 patients in each of the LSB and HSB cate-
gories, defined as having values below or above the ASBI median of
24.3, respectively. Other LCSS items below and above the ASBI median
are characterized in Table 1.

Baseline patient and disease characteristics for patients by ASBI
subgroup (LSB and HSB) and by treatment arm are shown in Table 2.
Characteristics were generally well balanced between treatment arms
and among subgroups with some notable differences. A higher per-
centage of the total HSB patients versus LSB patients had an ECOG PS of
1 (77% vs. 57%), PD as best response to first-line therapy (33% vs.
25%), and time since start of prior therapy < 9 months (65% vs. 57%)
(Table 2), which is consistent with more aggressive disease. These were
slightly different from what was observed previously from patients in
the ITT population treated in the ramucirumab arm versus the placebo
arm, respectively: ECOG PS of 1 was 67% versus 68%; PD as best re-
sponse to platinum-based chemotherapy was 28% versus 29%; and time
since prior therapy < 9 months was 64% versus 60%. The remaining
baseline patient and disease characteristics in the LSB and HSB sub-
groups were similar to those in the ITT population as previously re-
ported [11].

The occurrence of patients with baseline HSB overlapped and was
statistically associated with the occurrence of patients with refractory
disease (P = 0.008) and moderately associated with the occurrence of
REVEL patients with rapidly progressing disease (P = 0.059) (Table 3
and Supplementary Fig. 1). Approximately 57% of patients refractory to
first-line therapy reported baseline HSB (n = 164 of 290 refractory
patients) and 43% reported baseline LSB (n = 126 of 290 refractory
patients). Similarly, 57% of patients with rapidly progressing disease
that progressed within 12 weeks on first-line therapy reported baseline
HSB (n = 92 of 162 patients with rapidly progressing disease), and 43%
reported baseline LSB (n = 70 of 162 patients).

3.2. Baseline ASBI association with OS

When controlling for the known prognostic factors as detailed in
section 2.3, patients with baseline LSB across both treatment arms had
improved OS when compared with patients with HSB (median OS: LSB
12.35 vs. HSB 6.67 months; HR 0.575 [95% CI 0.491-0.672];
P < 0.0001) (Fig. 1A). Fig. 2A and B show the Kaplan-Meier curves for
OS by treatment arm within ASBI subgroups. In the LSB subgroup,
median OS was similar between treatment arms (12.25 vs. 12.62
months; HR 0.88 [95% CI 0.701-1.112]; P = 0.9510) (Fig. 2A). In the
HSB subgroup, the addition of ramucirumab to docetaxel significantly
improved OS versus docetaxel alone (7.39 vs. 5.95 months; HR 0.749
[95% CI 0.610-0.920]; P = 0.0308) (Fig. 2B). As shown in Fig. 1A, a
significant interaction effect as defined in the methods section 2.3
(P < 0.20) was seen between treatments and ASBI subgroups for OS (P-
value for interaction = 0.123). The significant interaction is also shown
in Fig. 2A and B, in which the OS in the LSB subgroup was similar
between the ramucirumab and placebo arm whereas the OS in the HSB
subgroup was significantly longer in the ramucirumab arm when
compared with the placebo arm.

3.3. Baseline ASBI association with PFS

Across treatment arms, patients with baseline LSB had improved
PFS when compared with patients with HSB (median PFS: LSB 4.44
months vs. HSB 2.89 months; HR 0.748 [95% CI 0.652-0.860];
P < 0.0001) (Fig. 1B). Fig. 2C and D show the Kaplan-Meier curves for
PFS by treatment arm within ASBI subgroups. The addition of ramu-
cirumab to docetaxel significantly improved PFS versus docetaxel alone
for patients with LSB (median PFS: 5.39 vs. 4.27 months; HR 0.672
[95% CI 0.552-0.818]; P = 0.0148) (Fig. 2C) and HSB (median PFS:
4.01 vs. 2.63 months; HR 0.749 [95% CI 0.619-0.907]; P = 0.0202)
(Fig. 2D). However, no significant interaction effect was observed be-
tween ramucirumab treatment and ASBI subgroups for PFS (P = 0.973)
(Fig. 1B).

3.4. Association of ASBI with response

Across treatment arms, patients with LSB had significantly higher
ORR and DCR than those with HSB (ORR 23% vs. 14%; P = 0.0003;
DCR 65% vs. 52%; P < 0.0001). In patients with baseline LSB, ORR
and DCR were significantly higher in the ramucirumab plus docetaxel
group versus the docetaxel group (ORR 29% vs. 17%; P = 0.0021; DCR
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Table 2
Baseline Patient Characteristics in REVEL ITT Population by ASBI Subgroup.

LSB HSB
Patient Characteristics, n (%) RAM PBO Total RAM PBO Total

(n = 265) (n = 232) (N = 497) (n = 228) (n = 269) (N = 497)
Age
< 65 years 175 (66%) 148 (64%) 323 (65%) 137 (60%) 188 (70%) 325 (65%)
=65 years 90 (34%) 84 (36%) 174 (35%) 91 (40%) 81 (30%) 172 (35%)
Male 168 (63%) 147 (63%) 315 (63%) 157 (69%) 182 (68%) 339 (68%)
Race (self-reported)
White 219 (83%) 178 (77%) 397 (80%) 192 (84%) 226 (84%) 418 (84%)
Asian 34 (13%) 36 (16%) 70 (14%) 25 (11%) 34 (13%) 59 (12%)
Black 8 (3%) 7 (3%) 15 (3%) 7 (3%) 7 (3%) 14 (3%)
Other 4 (2%) 11 (5%) 15 (3%) 3 (1%) 2 (1%) 5 (1%)
ECOG PS
0 117 (44%) 99 (43%) 216 (43%) 47 (21%) 64 (24%) 111 (22%)
1 148 (56%) 133 (57%) 281 (57%) 181 (79%) 204 (76%) 385 (77%)
Measurable disease 258 (97%) 225 (97%) 483 (97%) 216 (95%) 257 (96%) 473 (95%)
Smoking history
Ever 214 (81%) 181 (78%) 395 (79%) 194 (85%) 207 (77%) 401 (81%)
Never 51 (19%) 51 (22%) 102 (21%) 34 (15%) 61 (23%) 95 (19%)
Histology
Nonsquamous 201 (76%) 168 (72%) 369 (74%) 169 (74%) 195 (72%) 364 (73%)
Squamous 63 (24%) 59 (25%) 122 (25%) 57 (25%) 73 (27%) 130 (26%)
Unknown 1 (0%) 5 (2%) 6 (1%) 2 (1%) 1 (0%) 3 (1%)
EGFR wild type 90 (34%) 72 (31%) 162 (33%) 69 (30%) 75 (28%) 144 (29%)
Best response to platinum-based chemotherapy
CR, PR, or SD 180 (68%) 162 (70%) 342 (69%) 144 (63%) 171 (64%) 315 (63%)
PD 69 (26%) 57 (25%) 126 (25%) 74 (32%) 90 (33%) 164 (33%)
Missing 16 (6%) 13 (6%) 29 (6%) 10 (4%) 8 (3%) 18 (4%)
Previous maintenance treatment 55 (21%) 56 (24%) 111 (22%) 51 (22%) 63 (23%) 114 (23%)
Previous taxane treatment 58 (22%) 52 (22%) 110 (22%) 62 (27%) 59 (22%) 121 (24%)
Previous bevacizumab treatment 39 (15%) 32 (14%) 71 (14%) 36 (16%) 43 (16%) 79 (16%)
Time since start of first-line therapy (to start of second-line therapy)
< 9 months 159 (60%) 123 (53%) 282 (57%) 148 (65%) 175 (65%) 323 (65%)
=9 months 106 (40%) 109 (47%) 215 (43%) 79 (35%) 94 (35%) 173 (35%)

Abbreviations: ASBI, Average Symptom Burden Index; CR, complete response; ECOG PS, Eastern Cooperative Oncology Group performance status; EGFR, epidermal
growth factor receptor; HSB, high symptom burden; ITT, intent-to-treat; LSB, low symptom burden; PBO, placebo; PD, progressive disease; PR, partial response; RAM,
ramucirumab; SD, stable disease.

69% vs. 60%; P = 0.0366) (Table 4). Similarly, in patients with base- 0.993]; P = 0.0018) and remained statistically significant after multi-
line HSB, ORR and DCR were significantly higher in the ramucirumab variable analysis controlling for other prognostic factors (OR 0.988
plus docetaxel group versus the docetaxel group (ORR 18% vs. 11%j; [95% CI 0.976-0.9991; P = 0.0347).

P = 0.0458; DCR 58% vs. 47%; P = 0.0068) (Table 4). Baseline ASBI

was associated with tumor ORR when evaluated in a logistic regression

analysis adjusting for treatment groups (OR, 0.982 [95% CI 0.971-

Table 3

Overlap in REVEL Aggressive or Refractory Disease Subgroups.
Patient Group Overall, N Rapid Progressor,” n (%) Non-Rapid Progressor,” n (%) P-value
High ASBI 497 92 (18.5) 405 (81.5) 0.059
Low ASBI 497 70 (14.1) 427 (85.9)
Overall 994 162 (16.3) 832 (83.7)
Patient Group Overall, N Refractory,” n (%) Nonrefractory, n (%) P-value
High ASBI 497 164 (33.0) 333 (67.0) 0.008
Low ASBI 497 126 (25.4) 371 (74.6)
Overall 994 290 (29.2) 704 (70.8)
Patient Group Overall, N Refractory, n (%) Nonrefractory, n (%) P-value
Rapid progressor” 209 174 (83.3) 35 (16.7) < 0.001
Non-rapid progressor” 1044 186 (17.8) 858 (82.2)
Overall 1253 360 (28.7) 893 (71.3)

Abbreviation: ASBI, Average Symptom Burden Index.
@ Rapid progressor = time to progression in first-line treatment <12 weeks [8].
> Non-rapid progressor = time to progression in first-line treatment > 12 weeks [6].
¢ Refractory = best response to first-line treatment of progressive disease [7].
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Fig. 2. Kaplan-Meier curves for overall survival (OS) for patients with advanced non-small-cell lung cancer and low (A) or high (B) symptom burden; and pro-
gression-free survival (PFS) for patients with advanced non-small-cell lung cancer and low (C) or high (D) symptom burden. Abbreviations: ASBI, Average Symptom
Burden Index; CI, confidence interval; DOC, docetaxel; HR, hazard ratio; PBO, placebo; RAM, ramucirumab. *Multivariate analysis adjusted for known prognostic
factors. Covariates in the model were selected from prespecified variables using stepwise Cox regression method as previously described [11]. Variables for OS were
geographical region, Eastern Cooperative Oncology Group performance status (ECOG PS), prior maintenance therapy, sex, smoking history, histology, best response
to platinum-based chemotherapy, prior taxane treatment, prior bevacizumab, epidermal growth factor receptor status, age, race, and time since prior therapy.
Variables for PFS were ECOG PS, sex, and time since prior therapy.
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Table 4
Response by Baseline ASBI Subgroups.

Lung Cancer 131 (2019) 6-13

Pooled LSB (ASBI < 24.3)

Pooled HSB (ASBI > 24.3)

LSB (ASBI < 24.3) HSB (ASBI > 24.3)

N =497 N =497 RAM/DOC PBO/DOC RAM/DOC PBO/DOC n = 269
n = 265 n =232 n =228

Response
CR, % <1 <1 0 <1 <1 0
PR, % 23.1 13.7 290.1 16.4 16.7 11.2
SD, % 41.6 37.8 40.4 43.1 40.8 35.3
ORR, % (95% CD? 23 (20-27) 14 (11-17) 29 (24-35) 17 (12-22) 18 (13-23) 11 (8-16)
P-value® (RAM/DOC vs. PBO/ 0.0003 0.0021 0.0458

DOC)
DCR, % (95% CD? 65 (61-69) 52 (47-56) 69 (64-75) 60 (53-66) 58 (52-65) 47 (40-53)
P-value® (RAM/DOC vs. PBO/ < 0.0001 0.0366 0.0068

DOC)

Abbreviations: ASBI, Average Symptom Burden Index; CI, confidence interval; CR, complete response; DCR, disease control rate; DOC, docetaxel; HSB, high symptom
burden; LSB, low symptom burden; ORR, objective response rate;PBO, placebo; PR, partial response; RAM, ramucirumab; SD, stable disease.
Note: Bold P-values are significant. Treatment effect within each subgroup was significant at P < 0.05; the interaction effect between treatment and subgroup was

significant at P < 0.2.
aConfidence intervals are based on the exact method.

bP-value based on the Cochran-Mantel-Haenszel test adjusting for the stratification variables.

3.5. Safety by ASBI subgroup

The incidence of adverse events was similar between the ASBI
subgroup treatment arms and among the pooled ASBI subgroups, with a
few exceptions. In LSB versus HSB patients, a lower incidence of
treatment-emergent adverse events leading to death (3.4% vs. 7.5%)
and treatment-emergent serious adverse events (37.3% vs. 49.7%) was
observed (Supplementary Table 1).

4. Discussion

Regardless of treatment, patients from the REVEL study with pa-
tient-reported baseline LSB had significantly longer OS and PFS and
higher ORR than patients who reported baseline HSB, reinforcing
findings from previous research that symptom burden may be a useful
prognostic factor for patients with advanced NSCLC. More patients with
baseline HSB versus LSB were refractory to first-line chemotherapy or
had a time to progression within 12 weeks on first-line treatment—-
known hallmarks of tumor aggressiveness. In fact, there was a sig-
nificant association between the occurrence of baseline HSB and the
occurrence of refractory or rapidly progressing disease in REVEL pa-
tients. The occurrence of REVEL patients with refractory disease was
also significantly associated with that of patients with rapidly pro-
gressing disease (P < 0.001). The median PFS and OS results of pa-
tients who reported HSB at baseline were also consistent with other
exploratory REVEL subgroups with aggressive disease (Supplementary
Table 2) [7,8,11]. All of this reflects ASBI as a probable symptomatic
manifestation of these clinical prognostic indicators of aggressive dis-
ease. These results suggest that patients with HSB or aggressive disease
benefit from treatment with ramucirumab plus docetaxel versus doc-
etaxel alone with an acceptable toxicity profile and overall QoL func-
tioning.

The prognostic impact of the HSB description and the overlap with
other descriptions for patients with aggressive disease suggest internal
consistency of those populations. The preserved efficacy of OS, PFS, and
ORR associated with ramucirumab plus docetaxel in patients with
baseline HSB suggests that the treatment effect is likely to be robust and
that symptom burden is an important consideration when selecting
second-line treatment. The higher rates of serious adverse events as-
sociated with death seen in patients with HSB suggest a need for close
monitoring of patients and assertive use of supportive care.

As with any post hoc exploratory analysis, there are limitations that
will impact both generalizability and interpretation. First, these ana-
lyses were not powered to detect differences between the treatment
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arms nor were they powered to detect potential effect differences be-
tween LSB and HSB subgroups. Additionally, a baseline LCSS com-
pliance of less than 80% may indicate that these analyses are not re-
presentative of the entire REVEL patient population as missing data
may not be missing at random. Another limitation of this study was that
the median cut-point for data analysis was derived based on the median
ASBI score and not anchored to a more clinically relevant empirical
determination. However, previous research has determined symptom
burden defined as low and high by an ASBI score of 25 aligns with the
“mild” category of the LCSS observer scale [25]. The observer scale
contains the 6 ASBI symptoms and rates them using a 5-point catego-
rical scale (none, mild, moderate, marked, and severe) [25]. In this
study, the near-perfect agreement of the calculated statistical median
ASBI score of 24.3 with the previously cited cut-point of 25 suggests a
level of alignment for distinguishing a mild category of the LCSS ob-
server scale.

Other studies have reported on the prognostic significance of the
LCSS ASBI and patient-reported outcomes in general [20-25]. From a
meta-analysis of 30 randomized controlled trials of 11 different tumor
types from the European Organization for Research and Treatment of
Cancer, select health-related QoL parameters of physical functioning,
appetite loss, and pain provided significant prognostic value in addition
to sociodemographic and clinical variables [19]. Prognostic outcomes
specific to the LCSS have been reported in a phase III trial of malignant
pleural mesothelioma. Again, patient-reported symptom burden was
dichotomized by LSB and HSB as measured by ASBIL In the multi-
variable analysis adjusted for demographic/clinical variables, the ASBI
was prognostic because patients with LSB (ASBI < 25) had longer OS
than those with HSB (ASBI = 25) [24].

In patients with nonsquamous advanced NSCLC, Obasaju et al. used
this same approach to demonstrate how baseline ASBI and ECOG PS
may better inform clinicians to identify the appropriate patients for
using maintenance pemetrexed [25]. Whereas patients with LSB
(ASBI < 25) had improved PFS and OS after treatment with main-
tenance pemetrexed, patients with HSB (ASBI = 25) demonstrated
greater difficulty in receiving benefit and only had a small improvement
in PFS and no improvement in OS [25]. Obasaju et al. also substantiated
through multivariable analyses that ECOG PS and ASBI were in-
dependent predictors of this differential response [25]. In our study,
patients treated with ramucirumab-docetaxel with baseline HSB had
significant OS and PFS benefits, and patients treated with ramucir-
umab-docetaxel with baseline LSB had a significant PFS benefit. Median
OS in patients with LSB was just over 12 months in both treatment
arms, which is higher than that observed for the REVEL ITT population,
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but not significantly different between treatment arms in this analysis.
However, these results should be interpreted with caution due to the
exploratory nature of these analyses. Determining the prognostic value
of clinician-reported performance status was not an objective in this
study; however, similar to the populations analyzed by Obasaju et al.,
REVEL patients with HSB were more likely to have ECOG PS 1 when
compared with patients with baseline LSB (Table 2; 77% vs 57%). Thus,
it is possible that both baseline ASBI lung cancer symptom data and
clinician-reported performance status may be used as complementary
tools, in addition to efficacy and safety data, to better inform clinical
decision making for patients with advanced NSCLC [28]. The con-
sistency of the literature regarding the prognostic value of symptoms at
the common cut-point suggests a level of reliability and robustness from
these REVEL post hoc ASBI-defined subgroups. The relative similarity of
the PFS and OS HRs with those determined from the aggressive disease
subgroups previously reported from the REVEL ITT population suggests
a consistency of the effect of ramucirumab plus docetaxel on aggressive
disease subgroups [7,8,11].

5. Conclusions

In this post hoc analysis of the phase III REVEL study, results in-
dicate that ASBI for advanced NSCLC may be a useful prognostic factor.
Additionally, treatment with ramucirumab plus docetaxel for patients
with HSB was associated with improved outcomes (OS, PFS, and ORR)
compared with placebo plus docetaxel. These results were internally
consistent with those reported for patient subgroups with refractory
and rapidly progressing disease. Although this analysis was exploratory,
the preservation of improved PFS and OS in the HSB cohort suggests
that ramucirumab plus docetaxel maintains an incremental efficacy
over docetaxel alone in patients with aggressive disease as defined by
symptoms or other clinical characteristics.
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