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ABSTRACT
Background. Weight loss is common in advanced gastric and
gastroesophageal junction adenocarcinoma (G/GEA); however,
the prognostic implications of weight loss during the ﬁrst cycle
(C1) of chemotherapy remain poorly characterized. In this
study, we investigated the impact of early weight loss during
systemic treatment as a potential prognostic factor for overall
survival (OS) in patients with advanced G/GEA.
Materials and Methods. We performed a post hoc analysis
of three phase III studies of ramucirumab. Patients were
categorized into two groups: weight loss of ≥3% and <3%
based on weight change during C1 (3–4 weeks) of treatment. OS by weight groups was assessed for each study
and as a pooled meta-analysis. The effect of C1 weight
change on patient survival was evaluated using univariate
and multivariate Cox models.

Results. A total of 1,464 patients with weight data at the
end of C1 were analyzed: REGARD (n = 311), RAINBOW
(n = 591), and RAINFALL (n = 562). For all three studies,
there were fewer patients in the weight loss ≥3% than <3%
group. OS was numerically shorter for patients with weight
loss of ≥3% than for patients with weight loss of <3% during
C1 irrespective of treatment arm. Similar treatment independent effects of early weight loss on OS were observed
in the meta-analysis. Overall, early weight loss ≥3% was
associated with shorter survival in patients receiving active
drug as well as placebo/best supportive care.
Conclusion. This large post hoc analysis demonstrated that
weight loss of ≥3% during C1 was a negative prognostic factor for OS in patients with advanced G/GEA. The Oncologist
2021;26:1–10

Implications for Practice: This comprehensive analysis examining early weight loss during systemic treatment as a predictor
of survival outcomes in patients with advanced gastric and gastroesophageal junction adenocarcinoma (G/GEA) includes a
large sample size, reliable on-treatment data reported in well-conducted phase III clinical trials, and global representation of
cancer patients with advanced G/GEA. Understanding the impact of on-treatment weight loss is clinically relevant and may
represent an opportunity for targeted interventions.

INTRODUCTION
Gastric cancer is the ﬁfth most common cancer type and
the third leading cause of cancer-related deaths worldwide
[1]. Despite considerable improvements in treatment
options for advanced gastric and gastroesophageal junction
adenocarcinoma (G/GEA), the overall prognosis remains

poor [2–4]. Because of the asymptomatic nature of G/GEA
in early stages, patients often present with advanced
(i.e., locally advanced or metastatic) disease at diagnosis
[4, 5]. Continued efforts to identify prognostic factors for
survival outcomes are crucial to optimize treatment
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strategies, identify opportunities to change the disease’s
course, and prioritize additional clinical resources for
patients and their caregivers. In addition, because advanced
G/GEA remains an incurable condition, individualized treatment strategies must aim to preserve patients’ quality of
life (QoL) while prolonging overall survival (OS) [6, 7].
Various factors correlate with shorter survival in latestage G/GEA, including poor performance status (PS),
primary tumor site (gastroesophageal junction adenocarcinoma or midgastric location), high lymph node burden,
peritoneal metastases, and poor/unknown tumor differentiation [8–10]. Previous investigators have assessed the
relationship between survival outcomes and several
nutrition-based indices in patients with G/GEA, including
body mass index (BMI), serum albumin, and preoperative
weight loss [11, 12].
Weight loss is common in advanced G/GEA, and
maintaining weight and adequate nutrition during systemic
treatment remains a challenge [5, 11, 12]. Weight loss before
diagnosis is often a result of inadequate caloric intake caused
by tumor-related obstruction of the upper digestive tract,
malabsorption, anorexia, and hypermetabolism [11]. Symptoms such as dysphagia, anorexia, early satiety, nausea,
vomiting, and pain further contribute to cancer-related
malnutrition and weight loss [11, 12]. Pre- and/or postoperative weight loss as a prognostic factor for survival outcomes
in patients with G/GEA has been evaluated in several studies
[13–17]. In particular, Fuchs et al. reported the results of a
pooled analysis of two global, randomized clinical trials
(RCTs) of ramucirumab as second-line therapy for advanced
G/GEA (RAINBOW and REGARD). This analysis showed that
≥10% weight loss within 3 months before baseline evaluation
was associated with a worse OS versus <10% weight loss
[13]. However, studies investigating the clinical applications
of early weight loss (i.e., during the ﬁrst cycle of chemotherapy [C1]) are limited, particularly as a prognostic factor on
survival in patients with advanced G/GEA [18, 19]. Understanding the impact of on-treatment weight loss is clinically
relevant and may represent an opportunity for targeted
interventions. Weight-correcting interventions are more
likely to work if the weight loss is recognized early in a
patient’s treatment.
In this study, we present post hoc analyses investigating
the impact of weight loss within the ﬁrst 3 to 4 weeks of
systemic treatment and deﬁne a cutoff weight loss of ≥3%
as a potential prognostic indicator of OS in patients with
advanced G/GEA using data from both ﬁrst- and second-line
phase III RCTs of ramucirumab.

MATERIALS AND METHODS
Patient Selection
Patient data were obtained from three large, global phase
III RCTs of ramucirumab, a human immunoglobulin G1
monoclonal antibody against the vascular endothelial
growth factor receptor-2 (Cyramza; Eli Lilly and Co, Indianapolis, IN), as second-line (REGARD and RAINBOW) or ﬁrstline (RAINFALL) treatment in patients with locally advanced
or metastatic G/GEA [20–23]. In REGARD (NCT00917384),

355 patients were randomized to receive either ramucirumab (8 mg/kg; n = 238) or placebo (n = 117) once
every 2 weeks plus best supportive care. In RAINBOW
(NCT01170663), 665 patients were randomized to receive
either ramucirumab (8 mg/kg; n = 330) or placebo
(n = 335) on days 1 and 15 plus paclitaxel (80 mg/m2) on
days 1, 8, and 15 of a 28-day treatment cycle. RAINFALL
(NCT02314117) enrolled 645 patients with metastatic,
HER2-negative G/GEA, randomized to receive either ramucirumab (8 mg/kg; n = 326) or placebo (n = 319) on days
1 and 8 of a 21-day treatment cycle [22]. Treatment was
administered in combination with cisplatin (80 mg/m2, day
1) plus capecitabine (1,000 mg/m2 twice daily on days
1–14) of the treatment cycle. Patients with a contraindication to capecitabine received 5-ﬂuorouracil (800 mg/m2
daily on days 1–5).
Study designs and results of each trial were previously
published [20–22]. Of note, weight was assessed prior to
the start of each cycle, and concomitant medications were
documented throughout study treatment. QoL was
assessed using the European Organization for Research and
Treatment of Cancer Core Quality of Life questionnaire, version 3 (EORTC QLQ-C30), at baseline and during treatment
[24]. Each study had similar eligibility criteria except for the
number of previous therapies. For all trials, eligible patients
had measurable or evaluable disease per RECIST and an
Eastern Cooperative Oncology Group (ECOG) PS score of
0 or 1 [25, 26].
Studies were conducted in accordance with the guiding
principles of the Declaration of Helsinki, the International
Conference on Harmonization Good Clinical Practice guidelines, and all applicable laws and regulations. The institutional review board at each participating center approved
the study, and all patients provided written informed consent before undergoing any study procedure.

Study Design
In this post hoc analysis of ramucirumab as second-line
(REGARD and RAINBOW) or ﬁrst-line (RAINFALL) treatment
in patients with locally advanced or metastatic G/GEA, we
analyzed the relationship between weight loss during the
ﬁrst treatment cycle and OS [20–22]. For the meta-analysis,
the individual data from REGARD, RAINBOW, and RAINFALL
were pooled.

Statistical Analysis
Weight loss of more than 3% after 1 month of chemotherapy has previously been shown to be associated with negative survival outcomes; thus, 3% was chosen as the cutoff in
this study (18). Patients were categorized into two groups:
weight loss of ≥3% and <3% based on body weight change
from the start to the end of C1 (3–4 weeks). For purposes
of these analyses, and consistent with the respective trial
designs, a cycle was deﬁned as 21 days (3 weeks) for RAINFALL and 28 days (4 weeks) for REGARD and RAINBOW.
Patients in the intent-to-treat (ITT) population from the
three studies were included in the analysis with available
weight measurements at baseline and at the end of C1.
Baseline characteristics and QoL scores were summarized
descriptively, as were selected concomitant medications.
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The efﬁcacy endpoint was OS, deﬁned as the time from randomization to death from any cause.
For each study, the Kaplan-Meier method was used to
estimate the median survival time within subgroups. Also,
the following Cox proportional-hazard (Cox PH) models
were performed to evaluate the effects of C1 body weight
loss on OS, regardless of treatment arm and within each
treatment arm: univariate Cox PH model with C1 weight
loss change group (≥3% vs. <3%) as the only covariate and
multivariate Cox PH model with C1 weight loss change (≥3%
vs. <3%) in the model, adjusted by prognostic baseline disease factors identiﬁed for OS in each study [20–22]. Speciﬁcally, REGARD was adjusted by ECOG PS, peritoneal
metastasis, and location of the primary tumor; RAINBOW
was adjusted by geographic region, ECOG PS, weight loss
prior to enrollment, number of metastatic sites, ascites,
tumor differentiation, and prior gastrectomy; and RAINFALL
was adjusted by geographic region, ECOG PS, weight loss
prior to enrollment, and peritoneal metastasis. In the metaanalysis, patient-level data were combined from the three
studies, and a univariate Cox PH model was performed
stratiﬁed by study with C1 weight loss group as the only
covariate. A similar analysis was performed within each
treatment arm in the pooled data.

Survival Outcomes Analysis

RESULTS
This post hoc analysis included a total of 1,464 patients
with body weight data during C1 (3–4 weeks) of systemic
treatment: 311 patients (87.6%) from REGARD received
ramucirumab + best supportive care (n = 212) or placebo
+ best supportive care (n = 99), 591 patients (88.9%) from
RAINBOW received ramucirumab + paclitaxel (n = 306) or
placebo + paclitaxel (n = 285), and 562 (87.1%) from RAINFALL received ramucirumab + cisplatin/capecitabine
(n = 279) or placebo + cisplatin/capecitabine (n = 283).

Patient Characteristics
The number and general characteristics of patients with
weight loss of ≥3% and <3% from each trial are shown in
Table 1. The proportion of patients with weight loss of ≥3%
was similar for the second-line REGARD and RAINBOW trials
(14.5% and 15.6%, respectively) but was higher in the ﬁrstline RAINFALL trial (28.6%). Sex and age were relatively similar between the three studies and within weight change
groups (≥3% vs. <3%). Patients with ECOG PS of 1 at baseline were more likely to experience weight loss of ≥3% after
C1 of treatment.
For the RAINBOW and REGARD trials, patients who
progressed more rapidly (i.e., <6 months on ﬁrst-line therapy) were more likely to be in the ≥3% weight loss group
than the <3% weight loss group.
A larger proportion of patients presented with ascites in
the second-line RAINBOW trial (34.7%) than the ﬁrst-line
RAINFALL trial (27.6%). In both trials, those with ascites
were more likely to experience weight loss of ≥3%. Prior
gastrectomy was more common in patients in RAINBOW
(40.4%) than RAINFALL (11.9%). In RAINBOW, patients with
gastrectomy more frequently demonstrated <3% weight
loss. Data on baseline ascites and prior gastrectomy were
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not collected for REGARD. The proportion of patients with
weight loss of ≥10% within 3 months prior to baseline evaluation was similar for the second-line REGARD and RAINBOW trials (13.5% and 13.9%, respectively) but was higher
in the ﬁrst-line RAINFALL trial (30.8%). In REGARD and
RAINFALL, those who experienced ≥10% weight loss in the
3 months prior to diagnosis were more likely to lose ≥3%
weight loss in C1. This was not observed in the RAINBOW
trial.
Across all studies, patients with ≥3% weight loss in C1
generally experienced worse baseline QoL scores than
patients with <3% weight loss (Figs. 1, 2). These numerical
differences were more prominent for symptoms than functional scales. The symptoms with the greatest differences
were fatigue, nausea/vomiting, pain, and appetite loss.
In general, the proportion of patients receiving supportive care medications was generally greater for those
patients with weight loss of ≥3% (supplemental online
Table 1). Not considering use as premedications, antiemetic
use was 20% versus 23% for REGARD, 34% versus 24% for
RAINBOW, and 69% versus 61% for RAINFALL for those with
weight loss of ≥3% versus <3%, respectively. Less than 15%
of patients were documented as receiving appetite
stimulants.

For patients in the pooled treatment arm in each study,
early ≥3% weight loss was a strong negative prognostic factor for OS, in both univariate and multivariate analyses
(Figs. 3, 4; Table 2). In each trial evaluated, patients with
<3% C1 weight loss in the pooled treatment arm were associated with longer median OS and reduced hazard of death
than those with ≥3% weight loss (Fig. 3; Table 2; supplemental online Fig. 1). In the meta-analysis combining the
three studies, the univariate Cox PH model stratiﬁed by
study showed a similar effect of early weight loss on OS
regardless of treatment arm (unadjusted hazard ratio [HR],
0.632; 95% conﬁdence interval [CI], 0.546–0.732; Fig. 3;
supplemental online Fig. 1).
Within each treatment arm across the three studies,
univariate and multivariate Cox PH models showed consistent negative effects on OS with ≥3% weight loss during C1.
Patients with <3% weight loss had longer OS than those
with ≥3% C1 weight loss, regardless of the treatment arms
(Fig. 4; Table 3; supplemental online Fig. 2). The percentage
weight change from baseline to C1 is summarized in supplemental online Table 2, indicating a higher degree (median
change, min–max range) of weight loss in patients with
≥3% as compared with <3% weight loss in each study. In
the meta-analysis that combined the three studies, the univariate Cox PH model stratiﬁed by study showed a similar
effect of early weight loss on OS in each treatment arm.
The unadjusted HRs were 0.689 (95% CI, 0.563–0.843) and
0.565 (0.457–0.698) for the ramucirumab and placebo
treatment arms, respectively (Fig. 4).

DISCUSSION
Weight loss and malnutrition are prevalent among patients
with advanced G/GEA (5, 11, 12). The relationship between
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Table 1. Summary of baseline characteristics by weight change groups

Characteristic
Sex
Male
Age group
<65 yr
Geographical region
Asiaa
Rest of worldb
ECOG PS
0
1
Time to PD on ﬁrst-line therapy
<6 mo
≥6 mo
Missing
Number of metastatic sites
≤2
≥3
Weight loss within 3 mo prior to
enrollment
<10%
≥10%
Missing
Presence of ascites at baseline
Yes
No
Prior gastrectomy

REGARD (n = 311)
Weight
Weight
loss ≥3%,
loss <3%,
n = 45
n = 266,
(14.5)
(85.5)

RAINBOW (n = 591)
Weight
Weight
loss ≥3%,
loss <3%,
n = 92,
n = 499,
(15.6)
(84.4)

RAINFALL (n = 562)
Weight
Weight
loss ≥3%,
loss <3%,
n = 161,
n = 401,
(28.6)
(71.4)

32 (71.1)

182 (68.4)

58 (63.0)

355 (71.1)

103 (64.0)

271 (67.6)

30 (66.7)

167 (62.8)

55 (59.8)

306 (61.3)

100 (62.1)

264 (65.8)

4 (8.9)
41 (91.1)

20 (7.5)
246 (92.5)

29 (31.5)
63 (68.5)

177 (35.5)
322 (64.5)

9 (5.6)
152 (94.4)

47 (11.7)
354 (88.3)

7 (15.6)
38 (84.4)

87 (32.7)
179 (67.3)

28 (30.4)
64 (69.6)

216 (43.3)
283 (56.7)

63 (39.1)
98 (60.9)

188 (46.9)
213 (53.1)

31 (68.9)
8 (17.8)
6 (13.3)

147 (55.3)
77 (28.9)
42 (15.8)

60 (65.2)
32 (34.8)
NA

299 (59.9)
200 (40.1)
NA

NA
NA
NA

NA
NA
NA

29 (64.4)
16 (35.6)

177 (66.5)
89 (33.5)

66 (71.7)
26 (28.3)

329 (65.9)
170 (34.1)

110 (68.3)
51 (31.7)

315 (78.6)
85 (21.2)

34 (75.6)
11 (24.4)
NA

235 (88.3)
31 (11.7)
NA

80 (87.0)
12 (13.0)
0

427 (85.6)
70 (14.0)
2 (0.4)

101 (62.7)
56 (34.8)
4 (2.5)

284 (70.8)
115 (28.7)
2 (0.5)

56 (60.9)
36 (39.1)

149 (29.9)
350 (70.1)

64 (39.8)
97 (60.2)

91 (22.7)
310 (77.3)

23 (25.0)
69 (75.0)

216 (43.3)
283 (56.7)

15 (9.3)
146 (90.7)

52 (13.0)
349 (87.0)

Yes
No

Data are reported as n (%).
a
RAINFALL patients in Asian countries were only from Japan.
b
REGARD includes patients from North America and Latin America; RAINBOW includes patients from North America and South America, Europe,
and Australia; RAINFALL includes patients from North America, Europe, and others.
Abbreviations: ECOG PS, Eastern Cooperative Oncology Group performance status; NA, not applicable; PD, progressive disease.

cancer survival and weight loss has been demonstrated in
numerous cancer types [12, 18, 27]. However, limited investigations exist describing the clinical impact of early minimal
weight loss (≥3% weight loss as opposed to ≥10% weight
loss) during the ﬁrst cycle of systemic treatment as a prognostic factor in advanced G/GEA. In the present study, we
demonstrate that early minimal weight loss during systemic
treatment in patients with advanced G/GEA is a negative
prognostic factor for OS. To the best of our knowledge, this
is the most comprehensive analysis examining early weight
loss during systemic treatment as a predictor of survival
outcomes in patients with advanced G/GEA.
Weight loss can be described both in severity and in
timing. Preoperative weight loss and nutritional deﬁciency
are well-established prognostic factors in patients with
G/GEA [12, 28]. Weight loss of ≥10% before diagnosis has

been shown to be a signiﬁcant negative prognostic factor
for OS in patients with advanced G/GEA undergoing
second-line chemotherapy [29]. Consistently, pooled analysis of REGARD and RAINBOW showed that ≥10% weight loss
within 3 months prior to baseline evaluation had a negative
prognostic value for OS compared with patients with <10%
weight loss [13].
Fewer data exist on whether weight loss during treatment is also prognostic. Previously, we demonstrated that
early weight loss during the ﬁrst 3–4 weeks of second-line
systemic therapy was a negative prognostic factor for OS in
patients with advanced G/GEA from the RAINBOW study
[30]. In this report, we demonstrate consistent ﬁndings with
two additional phase III G/GEA trials, including one in the
ﬁrst-line setting. Similar to the ﬁndings of the current analysis, Ock et al. reported that patients with advanced G/GEA
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Figure 1. European Organization for Research and Treatment of Cancer Core Quality of Life questionnaire, version 3 mean baseline
scores: global and functional scales. Scores range from 0 to 100. High scores represent better QoL for functional scales and
global QoL.
Abbreviations: PBO, placebo; QoL, quality of life; RAM, ramucirumab.

and ≥3% weight loss after 1 month of palliative chemotherapy had shorter median OS than those with <3% weight loss
(OS; 9.7 vs. 16.3 months; p < .001) [18]. Yet, in contrast to
our current analysis, Ock et al. performed a retrospective
analysis of medical records from a single hospital and only
included patients who received ﬁrst-line chemotherapy.
Another report also demonstrated that weight loss during
chemotherapy is a negative prognostic indicator of OS in
patients with advanced G/GEA. Only the rate of weight loss
during chemotherapy was evaluated because the study was
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performed in patients receiving various chemotherapy regimens, and the sample size analyzed (n = 53) was much
smaller than our current analysis [19].
Here, we investigated the impact of minimal weight
loss (≥3%) within the ﬁrst 3–4 weeks of systemic treatment on survival outcomes for patients with advanced
G/GEA. The analyses included patients from three
large multinational trials of ramucirumab therapy, administered as monotherapy in the second-line (REGARD), in
combination with single chemotherapy in the second-line
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Figure 2. European Organization for Research and Treatment of Cancer Core Quality of Life questionnaire, version 3 mean baseline
scores: symptoms. Scores range from 0 to 100. Low scores represent less burden for symptom scales.
Abbreviations: PBO, placebo; QoL, quality of life; RAM, ramucirumab.

(RAINBOW), or dual chemotherapy in the ﬁrst-line (RAINFALL) [20–22]. Findings from all three studies demonstrated consistent prognostic effects of weight loss on OS
in patients with advanced G/GEA.
The proportion of patients with ≥3% weight loss was
higher in the ﬁrst-line RAINFALL trial (28.6%) than the secondline REGARD and RAINBOW trials (14.5% and 15.6%, respectively). There are several possible explanations for the
increased proportion of patients who experienced ≥3% weight
loss in ﬁrst-line versus second-line trials. First, patients often
present with weight loss at initial cancer diagnosis but less so
at relapse or progression (second-line+) [11]. Consistent with

this clinical ﬁnding, the proportion of patients with ≥10%
weight loss within 3 months prior to baseline evaluation was
higher in the ﬁrst-line RAINFALL trial (30.8%) than the secondline REGARD and RAINBOW trials (13.5% and 13.9%, respectively). Second, weight stabilization may signal better disease
control with amelioration of cancer-induced cachexia and
would be most evident in ﬁrst-line therapy when the disease
burden is presumably higher. Third, weight loss happens
because of the cancer and from the initial period of adjustment to chemotherapy. Patients often experience increased
nausea and anorexia in early ﬁrst-line cycles compared with
later cycles when supportive care management has been
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Figure 3. Weight loss <3% in cycle 1 is associated with better survival (pooled analysis). Hazard ratios are shown for overall survival
for the pooled analysis and each individual study in the <3% weight loss arm, compared with the ≥3% weight loss arm. Horizontal
bars represent 95% conﬁdence limits.
Abbreviations: CI, conﬁdence interval; HR, hazard ratio; OS, overall survival.

Figure 4. Weight loss <3% in cycle 1 is associated with better survival regardless of treatment arm. Hazard ratios are shown for
overall survival for the pooled analysis and each individual study by treatment arm in the <3% weight loss arm compared with the
≥3% weight loss arm. Horizontal bars represent 95% conﬁdence limits.
Abbreviations: CI, conﬁdence interval; HR, hazard ratio; OS, overall survival.

Table 2. Overall survival by weight loss from baseline to end of C1
Study Name
Weight loss in C1, n (%)

45 (≥3)

REGARD
266 (<3)

Median OS, mo
Unadjusted HR (95% CI)
Adjusteda HR (95% CI)

2.6
5.8
0.359 (0.254–0.507)
0.406 (0.284–0.579)

92 (≥3)

RAINBOW
499 (<3)

7.3
9.8
0.632 (0.497–0.804)
0.899 (0.689–1.174)

RAINFALL
161 (≥3)
401 (<3)
9.7
11.7
0.752 (0.608–0.930)
0.792 (0.638–0.983)

a

REGARD-adjusted by ECOG PS, peritoneal metastasis, location of the primary tumor; RAINBOW-adjusted by region, ECOG PS, weight loss prior
to enrollment, number of meta sites, ascites, tumor differentiation, and prior gastrectomy; RAINFALL-adjusted by region, ECOG PS, weight loss
prior to enrollment, and peritoneal metastasis.
Abbreviations: C1, cycle 1; CI, conﬁdence interval; ECOG PS, Eastern Cooperative Oncology Group performance status; HR, hazard ratio; OS, overall survival.
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REGARD-adjusted by ECOG PS, peritoneal metastasis, location of primary tumor; RAINBOW-adjusted by region, ECOG PS, weight loss prior to enrollment, number of meta sites, ascites, tumor differentiation,
and prior gastrectomy; RAINFALL-adjusted by region, ECOG PS, weight loss prior to enrollment, and peritoneal metastasis.
Abbreviations: BSC, best supportive care; C1, cycle 1; CC, cisplatin + capecitabine; CI, conﬁdence interval; ECOG PS, Eastern Cooperative Oncology Group performance status; HR, hazard ratio; PAC, paclitaxel;
PBO, placebo; RAM, ramucirumab; OS, overall survival.

a

REGARD
RAM + BSC (n = 212)
PBO + BSC (n = 99)
32 (≥3)
180 (<3)
13 (≥3)
86 (<3)
2.6
6.3
2.5
4.8
0.361 (0.237–0.548)
0.342 (0.185–0.633)
0.414 (0.268–0.639)
0.341 (0.180–0.645)
Study Name
Weight loss in C1, n (%)
Median OS, mo
Unadjusted HR (95% CI)
Adjusted HRa (95% CI)

Table 3. Overall survival by weight loss in patients by treatment arm

RAINBOW
RAM + PAC (n = 306)
PBO + PAC (n = 285)
47 (≥3)
259 (<3)
45 (≥3)
240 (<3)
8.0
10.8
5.4
9.0
0.707 (0.503–0.995)
0.559 (0.398–0.784)
1.069 (0.726–1.574)
0.763 (0.523–1.114)

RAINFALL
RAM + CC (n = 279)
PBO + CC (n = 283)
80 (≥3)
199 (<3)
81 (≥3)
202 (<3)
10.6
11.7
9.3
11.9
0.880 (0.650–1.192)
0.629 (0.467–0.848)
0.903 (0.664–1.229)
0.690 (0.507–0.938)
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tailored to individual symptoms [11, 12]. There is also a signiﬁcant psychosocial component early in cancer, whereas, in subsequent cycles and later therapies, patients and caregivers are
more experienced and better equipped to manage symptoms.
Last, given that patients with very aggressive disease experience the most weight loss and often do not advance beyond
ﬁrst line, it is important to consider a selection bias for
patients who receive second-line therapy.
In the reported analyses, weight loss group (≥3%
vs. <3%) differences were observed for several baseline
characteristics previously identiﬁed as negative prognostic
factors for OS in patients with advanced G/GEA. We
observed that a larger proportion of patients with ≥3%
weight loss had poorer PS and reduced time to progressive
disease on ﬁrst-line therapy compared with those with <3%
weight loss. This observation is consistent with previous
studies demonstrating that preoperative weight loss was
associated with increased tumor size, higher TNM stage,
and poorer PS [12]. Similarly, BMI has previously been
shown to inversely correlate with tumor size and depth,
lymph node metastasis, and tumor stage [31].
In addition, we found that the proportion of patients
presenting with ascites at baseline was greater for
patients with ≥3% weight loss compared with those with
<3% weight loss in RAINBOW and RAINFALL. In line with
these ﬁndings, several symptoms of ascites (e.g., abdominal
pain, dyspnea, nausea, vomiting, and anorexia) are known
to contribute to weight loss, and malignant ascites is associated with worse prognosis in patients with G/GEA
[13, 32, 33].
For the RAINBOW trial, a smaller percentage of patients
with ≥3% weight loss had undergone gastrectomy compared with those with <3% weight loss, whereas no differences in the number of patients who had undergone
gastrectomy were observed between weight groups for
RAINFALL. However, the current analysis did not differentiate between partial and total gastrectomy, and the extent
of gastric resection has previously been identiﬁed as a risk
factor for weight loss [34–36]. Thus, additional analyses are
warranted to further evaluate the relationship between
prior gastrectomy and early weight loss during ﬁrst-line or
second-line therapy. Further studies investigating the
impact of other previously identiﬁed risk factors for weight
loss in patients with advanced G/GEA are also warranted,
such as serum albumin levels, BMI, and tumor size/location.
Nonetheless, in the current study, multivariate analyses
adjusted by OS prognostic baseline disease factors identiﬁed in each study showed that, irrespective of those factors, weight loss had signiﬁcant negative prognostic value.
The present ﬁndings further highlight the clinical importance of identifying early minimal weight loss in patients
with advanced G/GEA. Early weight changes may serve as
an important prognostic indicator of overall patient survival
and may provide key insights in identifying patients at
higher risk of experiencing treatment-related toxicity as
well as those who might beneﬁt from early interdisciplinary
supportive care interventions. In fact, a recent phase III trial
in 1L advanced esophagogastric cancers suggests an OS
improvement with early interdisciplinary supportive care
(ESC), including nutritional support, as compared with
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standard oncology care [37]. Although similar to results of
the ITT populations, numerical OS beneﬁt was observed in
the ramucirumab treatment arms of REGARD and RAINBOW, irrespective of weight loss group (Fig. 4; Table 3). This
improved OS, regardless of early weight loss during treatment, shows the beneﬁt from ramucirumab in the secondline setting either as monotherapy or combined with
chemotherapy.
The reported analyses have several strengths, including
the large sample size, the reliability of the data reported in
well-conducted phase III clinical trials, and the global representation of patients with advanced G/GEA. However, some
limitations should be considered in the interpretation of
our results. Given the exploratory nature of the analyses,
which retrospectively evaluated the impact of weight loss
on survival, it lacks the statistical requirement of randomization and robust type I error control to make deﬁnitive
conclusions on causality. The observed association between
C1 weight loss and baseline disease characteristics limits
the interpretation of the OS-weight loss relationship given
the confounding effects of other prognostic factors on OS,
such as ECOG PS and the presence of ascites. Furthermore,
the study included only limited information regarding supportive care without any information on speciﬁc symptom
management or dietary interventions. Information on body
composition and prognostic biomarkers were also not
included in the current analysis. Certain baseline patient
characteristics were also not available for all three studies.
For example, the presence of ascites was not recorded for
the REGARD trial and therefore was not included in the current study. Similarly, it would be of interest to annotate
weight loss groups to The Cancer Genome Atlas– and Asian
Cancer Research Group–deﬁned molecular subsets to further explore biologic relationships. These data are not available for this data set, nor are they available from any phase
III trials in G/GEA. Small patient numbers preclude additional weight cutoffs and analysis of weight changes in subsequent cycles. Nevertheless, these ﬁndings provide
valuable data regarding the impact of early minimal weight
loss during systemic therapy on survival outcomes. Prospectively, it would be interesting to observe what happens to
the prognostic impact of early minimal weight loss during
treatment when it is reversed. It would be useful to grade
the interventions used to reverse the weight loss ranging
from simple verbal advice, nutritional supplementation, and
use of pharmacological agents to use of enteral or parenteral feeding.
Recent studies have shown that cancer exacerbates
muscle loss (sarcopenia) and that patients continually lose
muscle mass while on treatment, thereby contributing to
impaired physical function, increased chemotherapy toxicity, impaired QoL, and reduced survival [27]. It would be
important to further characterize the effect of sarcopenia
on survival in these clinical trials and in future prospective
trials. As discussed earlier in this section, Lu et al. provided
clinical evidence demonstrating prolonged OS in patients
receiving early ESC as compared with standard oncology
care (HR, 0.68; p = .021). These ﬁndings highlight the profound impact of early nutritional and psychological intervention (ESC) when provided by a team of gastrointestinal
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oncology specialists, oncology nurse specialists, dietitians,
and psychologists [37]. Future prospective studies evaluating the impact of nutritional interventions and muscle preservation on OS in patients with advanced G/GEA could offer
additional insights, especially conducting analyses to determine the interaction between interventions and ≥ 3%
weight loss during C1. As with early weight loss, in a prospective study, it would also be interesting to see whether
the detrimental effects of muscle loss continue to have
their effect if the muscle loss is reversed either by introducing prehabilitation muscle building protocols for patients
commencing therapy or by introducing pharmacological
agents which encourage muscle growth.

CONCLUSION

This post hoc analysis demonstrated that early ≥3% weight
loss within the ﬁrst 3–4 weeks of systemic treatment was
associated with higher risk of death in patients with
advanced G/GEA. The results support the need for future
trials to investigate whether mitigating early weight loss
can improve outcomes for patients with advanced G/GEA
and highlight the importance of considering the prognostic
value of weight loss in clinical decision-making. Future prospective studies are needed to further optimize treatment
strategies and identify opportunities to change the course
of disease for patients with advanced G/GEA, including
baseline comprehensive nutritional assessments and early
interventions to preserve weight.
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