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Background: Ramucirumab paired with docetaxel extends progression free survival and overall survival 
in non-small cell lung cancer (NSCLC) following progression on platinum therapy. There is some data 
that epidermal growth factor receptor (EGFR) mutant disease would respond better to vascular endothelial 
growth factor receptor (VEGFR) therapy than EGFR wild type disease. 
Methods: This retrospective, single-institution cohort study reports outcomes of patients who received 
docetaxel with or without ramucirumab according to EGFR status. Clinical data including age, performance 
status, metastatic burden and prior treatment history was obtained and reported with time on treatment and 
overall survival as primary endpoints. Data analysis was performed for three cohorts: EGFR mutant disease 
receiving docetaxel and ramucirumab (EGFR-doce/ram), EGFR mutant disease receiving docetaxel alone 
(EGFR-doce) and EGFR wild type disease receiving docetaxel and ramucirumab (WT-doce/ram). 
Results: Patients in the EGFR-doce/ram cohort had a median time on docetaxel of 1.4 months (95% CI: 
0.72–5.2 months) and of 0.8 months (95% CI: 0.2–6.5 months) on ramucirumab. Patients in the EGFR-doce 
cohort were on docetaxel for a median 1.4 months (95% CI: 0.9–2.4 months). Patients in the WT-doce/ram 
cohort had a median time on docetaxel of 2.3 months (95% CI: 1.6–4.1 months) and on ramucirumab of  
1.4 months (95% CI: 0.8–3.2 months). There was no significant difference between time on ramucirumab 
or docetaxel between the cohorts. Overall survival for the three cohorts was noted to be 6.7 months (95% 
CI: 2.5–16.2 months) for the EGFR-doce/ram cohort, 4.9 months (95% CI: 4.2–12.5 months) for the 
EGFR-doce cohort and 6.6 months (95% CI: 4.3–12.8 months) for the WT-doce/ram cohort. There was no 
significant difference in overall survival between the cohorts.  
Conclusions: Our data did not support the initial hypothesis that patients with EGFR mutant disease 
would do better with the addition of ramucirumab. Our study was limited by small sample size, retrospective 
nature and inability to control for confounders including prior bevacizumab or immune checkpoint inhibitor 
(ICI) exposure. This study offers real-world estimates to clinicians and patients about the length of time they 
can expect to derive benefit from the combination of ramucirumab and docetaxel. 
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Introduction

Before 2014, second line therapy options for advanced non-
small cell lung cancer (NSCLC) following progression 
on platinum-based chemotherapy were docetaxel or 
pemetrexed, with consideration of other single agent drugs 
such as gemcitabine (1). Reported in 2014, the REVEL 
study tested the addition of ramucirumab, an anti-vascular 
endothelial growth factor receptor (VEGFR) monoclonal 
antibody to docetaxel for patients with NSCLC who 
had progressed through platinum-based therapy (2). 
Ramucirumab was shown to extend both progression free 
survival (4.5 vs. 3.0 months) and overall survival (10.5 
vs. 9.1 months) by approximately one and a half months. 
These improvements to PFS and OS came with increases in 
toxicity—most notably fatigue, cytopenias and hypertension. 
These findings established ramucirumab as an option in 
combination with second line chemotherapy for NSCLC 
with a good ECOG performance status [0–1]. However, 
adoption into clinical practice was slow, likely in part due to 
the concurrent emergence of immune checkpoint inhibitor 
(ICI) therapy as another second line option in early 2015. 
As platinum chemotherapy with the addition of ICI therapy 
has become a new first-line standard, generally without 
anti-VEGF(R) therapy, the combination of docetaxel with 
ramucirumab as second line therapy has become more 
compelling.

However,  questions remain regarding the sub-
populations which may benefit the most from this 
treatment. Most notably, tumors with epidermal growth 
factor receptor (EGFR) mutations account for about 15% 
of non-small cell lung adenocarcinoma in the United States 
and are exquisitely sensitive to first line treatment with 
small EGFR tyrosine kinase inhibitors (TKIs), leaving 
chemotherapy options for later lines of therapy. In the 
REVEL study, both EGFR mutant and EGFR wild type 
patients were included, although the EGFR status was 
unknown for a majority of patients. 

There is a paucity of biomarkers to predict response to 
anti-VEGF(R) therapy; however, EGFR mutant disease has 
stood out as the best predictor of response known currently. 
Significant pre-clinical data supports the synergistic effect 
of inhibition of both EGFR and VEGF pathways (3). 
Clinically, ramucirumab has shown to be effective in the 
frontline setting when added to TKI therapy in EGFR 
mutant NSCLC. In the RELAY study, ramucirumab 
increased progression free survival (19.4 vs. 12.4 months) 
when added to erlotinib in the front line setting for EGFR 

mutant disease (4). Ramucirumab is now an FDA approved 
therapy, but adoption has been slow in the new era of 
first-line treatment with the EGFR inhibitor osimertinib. 
Progression free survival was also extended in EGFR 
mutated NSCLC by the addition of bevacizumab, another 
inhibitor of the VEGF pathway, to erlotinib in the front 
line setting in the interim analysis of NEJ026 (5). However, 
neither of these studies have demonstrated a significant 
benefit in overall survival with the combination strategy. 
A 2016 study of the addition of ramucirumab to docetaxel 
for second line therapy in Japanese patients included a 
subgroup of EGFR mutant patients who had received TKI 
therapy before or after platinum based therapy; however, 
it did not have sufficient numbers to show any statistically 
significant trends (6). Therefore, it is currently unclear how 
to optimally incorporate anti-VEGF(R) therapies in the 
treatment of EGFR mutant NSCLC. 

Further clarity in the real-world performance of 
ramucirumab as part of second line therapy, generally 
after prior platinum-based chemotherapy and the option 
of ICI therapy, may help clinicians judge which patients 
would receive the greatest benefit, whether those with 
EGFR mutations or best performance status. This single 
institution retrospective study characterizes the real-world 
performance of ramucirumab when added to docetaxel in 
EGFR mutant disease as measured by time on therapy, as 
compared with patients without EGFR mutant lung cancer 
on docetaxel and ramucirumab. Our hypothesis was that 
patients with EGFR mutant lung cancer may have better 
outcomes on the combination therapy than patients in 
either of the other two groups. We describe and analyze 
outcomes among three cohorts of patients—those with 
EGFR mutations who received docetaxel and ramucirumab 
(EGFR-doce/ram), those with EGFR mutations who 
received only docetaxel (EGFR-doce) and those without 
EGFR mutations who received docetaxel and ramucirumab 
(WT-doce/ram). 

We present the following article in accordance with the 
STROBE reporting checklist (available at https://dx.doi.
org/10.21037/jtd-21-557).

Methods

Patient selection and data extraction

In this retrospective, single institution cohort study, we 
used the electronic health record based institutional 
outcomes database for clinical research (STARR) and an 
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IRB approved protocol to find patients with NSCLC who 
had received docetaxel with or without ramucirumab. 
Patients were included if they had received treatment 
at Stanford Health Care, were diagnosed with biopsy 
confirmed stage IV NSCLC of either squamous or non-
squamous histology and received either docetaxel or 
docetaxel and ramucirumab regardless of prior treatment 
history. Patients enrolled started treatment between 2009 
and 2020. Patients were excluded if EGFR mutation 
status was unknown or if they had a second synchronous 
malignancy.  History of biopsy confirmed NSCLC was 
ascertained by CPT code search through STARR with 
manual verification of biopsy reports by the study team. 
Exposure to docetaxel or ramucirumab was performed 
by query of pharmacy administration records. EGFR 
status was ascertained by manual review of biopsy reports. 
ECOG performance status was obtained via clinician note 
immediately prior to therapy initiation. The presence of 
brain and liver metastases was obtained via manual review 
of staging studies immediately prior to the initiation of 
therapy. If the imaging studies were not directly available 
in STARR but the presence of these metastases were 
clearly noted in the treating oncologist’s notes, they 
were recorded in our study. Clinician notes were used to 
determine prior exposure to bevacizumab, TKIs, ICIs and 
total prior lines of therapy. Missing data was noted in the 
reported tables. The study was conducted in accordance 
with the Declaration of Helsinki (as revised in 2013). 
The study was approved by institutional ethics board of 
Stanford University (IRB #21319) and individual consent 
for this retrospective analysis was waived.

Outcomes

Our primary endpoint of time on therapy was defined 
as the time between the first and last administration of 
docetaxel and first and last administration of ramucirumab. 
If patients received only a single dose of therapy, they were 
recorded as having zero days on therapy. Overall survival 
was obtained via direct chart review and defined as the 
time from first dose of treatment regimen to death. Data 
for time on therapy and mortality was collected through 
July 30th, 2020. Censoring was performed for patients 
still receiving therapy and still alive as of the end of data 
collection. A single patient in the EGFR-doce cohort was 
lost to follow up immediately after the first dose of therapy 
and was excluded from the time on treatment and survival 
analyses. 

Statistical analysis

Data was analyzed according to the three cohorts previously 
described—EGFR-doce/ram, EGFR-doce and WT-doce/
ram. We compared time on treatment and overall survival 
between the EGFR-doce/ram and EGFR-doce to isolate 
the effect of ramucirumab in EGFR mutated patients. The 
same analysis was carried out to compare the EGFR-doce/
ram cohort with the WT-doce/ram cohort to examine the 
effect of EGFR mutated disease on the response to the 
combination of docetaxel and ramucirumab. Kaplan-Meier 
curves were constructed for comparisons, and log rank 
tests were performed to assess for significance. Propensity 
matching or other attempts to reduce confounding were not 
performed given the small sample size of the study and risks 
of confusing the outcome. 

Results

We identified 513 patients who met the inclusion criteria, 
460 of whom received at least one dose of docetaxel without 
receiving ramucirumab. Of these, 41 patients had EGFR 
mutant disease. There were 53 patients with NSCLC who 
received docetaxel and ramucirumab. Of these, 18 patients 
had EGFR mutant disease. The median follow-up time, 
defined as time from initiation of therapy to patient death 
or end of data collection, was 7.1, 10.7 and 8.8 months 
for the EGFR-doce/ram, EGFR-doce and WT-doce/ram 
cohorts respectively. The median dates of enrollment were 
11/20/2018 (IQR 5/13/2018–12/30/2019), 10/24/2015 
(IQR 10/17/2012–12/31/2018) and 9/24/2018 (IQR 
5/14/2016–10/28/2019) for the EGFR-doce/ram, EGFR-
doce and WT-doce/ram cohorts respectively. 

Patient demographics and pre-treatment variables are 
presented in Table 1. Patients with EGFR mutations were 
younger than those without and included more female 
patients. Performance status was not always ascertainable 
but showed a similar spread across cohorts with the majority 
of patients being ECOG 1 or 2. The EGFR-doce cohort 
had a higher proportion of brain metastases (63%) prior 
to treatment compared to the EGFR-doce/ram (39%) and 
the WT-doce/ram (37%) cohorts. The presence of liver 
metastases was similar across all three cohorts. The EGFR-
doce/ram (44%) and EGFR-doce (51%) cohorts had more 
frequent prior exposure to bevacizumab compared to the 
WT-doce/ram cohort (17%). Among the patients with 
EGFR mutant disease, the EGFR-doce cohort had more 
frequent exposure to first generation TKIs compared to the 
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Table 1 Demographics and pre-treatment variables

Demographic/Pre-treatment variables EGFR-doce/ram (n=18) EGFR-doce (n=41) WT-doce/ram (n=35)

Age

Median 57 59 67

Range 33–82 35–84 20–80

Sex

Male 8 (44%) 13 (32%) 22 (63%)

Female 10 (56%) 28 (68%) 13 (37%)

ECOG performance status 

0 1 (6%) 1 (2%) 4 (11%)

1 7 (39%) 27 (66%) 15 (43%)

2 4 (22%) 8 (20%) 4 (11%)

3 0 2 (5%) 1 (3%)

Unavailable 6 (33%) 3 (7%) 11 (31%)

Metastases

Brain 7 (39%) 26 (63%) 13 (37%)

Liver 8 (44%) 16 (39%) 10 (29%)

Prior bevacizumab

Yes 8 (44%) 21 (51%) 6 (17%)

No 10 (56%) 20 (49%) 29 (83%)

Prior 1st generation TKI

Never 9 (50%) 5 (12%) 34 (97%)

<6 months 2 (11%) 11 (27%) 1 (3%)

>6 months 7 (39%) 25 (61%) 0

Prior osimertinib

Never 3 (17%) 24 (59%) 35 (100%)

<6 months 7 (39%) 5 (12%) 0

>6 months 8 (44%) 12 (29%) 0

Prior lines of therapy

Mean 3.00 3.15 2.06

Prior checkpoint inhibitor

Yes 8 (44%) 9 (22%) 27 (77%)

No 10 (56%) 32 (78%) 8 (23%)

EGFR-doce, patients with EGFR mutant disease who received docetaxel only; EGFR-doce/ram, patients with EGFR mutant disease who 
received docetaxel and ramucirumab; WT-doce/ram, patients with wild type disease who received docetaxel and ramucirumab; EGFR, 
epidermal growth factor receptor; TKI, tyrosine kinase inhibitor.
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EGFR-doce/ram cohort. The EGFR-doce/ram cohort had 
a lower proportion of patients who had never been exposed 
to osimertinib (17%) compared to the EGFR-doce cohort 
(59%). The WT-doce/ram cohort had fewer average lines of 
prior therapy and higher rates of prior immunotherapy.

The time on therapy is shown in Table 2 for both docetaxel 
and ramucirumab. Figures 1 and 2 show the time on therapy 
for all groups for docetaxel and ramucirumab.  Patients in the 
EGFR-doce/ram cohort had a median time on docetaxel of 
1.4 months (95% CI: 0.72–5.20 months). They had a median 
of 0.8 months (95% CI: 0.2–6.5 months) on ramucirumab. 
Patients in the EGFR-doce cohort spent a median of  
1.4 months (95% CI: 0.9–2.4 months) on docetaxel. 

Patients in the WT-doce/ram cohort spent a median of  
2.3 months (95% CI: 1.6–4.1 months) on docetaxel and  
1.4 months (95% CI: 0.8–3.2 months) on ramucirumab. At 
the conclusion of data collection, there were four patients 
in the WT-doce/ram cohort and one patient in the EGFR-
doce cohort still on treatment. Of the 18 patients in the 
EGFR-doce/ram cohort who discontinued therapy, 11 
(61%) were due to progression or death, three (17%) being 
due to toxicity, and four (22%) were unknown. Of the 31 
patients in the WT-doce/ram cohort who discontinued 
therapy, 17 (55%) were due to death or progression, 8 (26%) 
were due to toxicity, and 6 (19%) were unknown. Of the 
41 patients in the EGFR-doce cohort who discontinued 

Figure 1 EGFR-doce, patients with EGFR mutant disease who 
received docetaxel only; EGFR-doce/ram, patients with EGFR 
mutant disease who received docetaxel and ramucirumab; WT-
doce/ram, patients with wild type disease who received docetaxel 
and ramucirumab; EGFR, epidermal growth factor receptor.

Figure 2 EGFR-doce/ram, patients with EGFR mutant disease 
who received docetaxel and ramucirumab; WT-doce/ram, patients 
with wild type disease who received docetaxel and ramucirumab; 
EGFR, epidermal growth factor receptor.

Median time on ramucirumab
EGFR-doce/ram-0.82 months (95% CI: 0.23−6.48 months)
WT-doce-1.38 months (95% CI: 0.75−3.22 months)
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Table 2 Time on therapy

Months on treatment EGFR-doce/ram (n=18) EGFR-doce (n=41) WT-doce/ram (n=35)

Docetaxel

Median (95% CI) 1.4 (0.7–5.3) 1.4 (0.9–2.4) 2.3 (1.6–4.1)

Censored 0 1 4

Ramucirumab

Median (95% CI) 0.8 (0.2–6.5) NA 1.4 (0.8–3.2)

Censored 0 NA 4

EGFR-doce, patients with EGFR mutant disease who received docetaxel only; EGFR-doce/ram, patients with EGFR mutant disease who 
received docetaxel and ramucirumab; WT-doce/ram, patients with wild type disease who received docetaxel and ramucirumab; EGFR, 
epidermal growth factor receptor; NA, not available.

Median time on docetaxel
EGFR-doce-1.35 months (95% CI: 0.92−2.40 months)
EGFR-doce/ram-1.38 months (95% CI: 0.72−5.30 months)
WT-doce-2.30 months (95% CI: 1.61−4.14 months)
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therapy, 26 (63%) were due to death or progression, 10 
(24%) were due to toxicity, and 5 (12%) were unknown. 
There was no significant difference in time on ramucirumab 
between the EGFR-doce/ram and WT-doce/ram cohorts 
(P=0.5).  There was also no significant difference in time 
on docetaxel between the EGFR-doce/ram cohort and the 
EGFR-doce cohort (P=0.6) or when comparing the EGFR-
doce/ram cohort to the WT-doce/ram (P=0.9).  

Overall survival data for the three cohorts is presented 
Figure 3. The EGFR-doce/ram cohort had an overall survival 
of 6.7 months (95% CI: 2.5–16.2 months). The EGFR-
doce cohort had an overall survival of 4.9 months (95% CI: 
4.2–12.5 months). The WT-doce/ram cohort had an overall 
survival of 6.6 months (95% CI: 4.3–12.8 months). Log rank 
tests found no significant differences in the overall survival 
between the EGFR-doce/ram cohort and the EGFR-doce 
cohort (P=0.9). There was also no significant difference in 
overall survival between the EGFR-doce/ram cohort and 
the WT-doce/ram cohort (P=0.4). 

Discussion

We conducted this retrospective cohort review with the 
hypothesis that patients with EGFR mutant NSCLC would 
have better outcomes with docetaxel and ramucirumab, 
as compared to wild-type patients who received docetaxel 
and ramucirumab or patients with EGFR mutant disease 
who received docetaxel alone.  However, this study did not 

show a significant difference between time on treatment 
or overall survival among the three cohorts. Compared 
to data presented in REVEL, both EGFR-doce/ram and 
WT-doce/ram had shorter time on treatment than the 
docetaxel and ramucirumab cohort’s progression free 
survival of 4.5 months (2). This difference is likely driven 
by both the difference in outcome measurement—in 
which time on treatment may be shorter than PFS when 
measured from the dates of first to last dose—as well as 
the unselected “real world” patient population in our 
study. Overall survival of all three cohorts in this study was 
shorter than that reported for the REVEL combination 
cohort (10.5 months) and the control cohort (9.1 months), 
likely representing the difference between clinical trial and 
unselected populations (2). In our study, there was a trend 
towards patients spending more time on docetaxel than 
ramucirumab among the EGFR-doce/ram and WT-doce/
ram cohorts. Additionally, visual inspection suggests that 
patients with wild type NSCLC performed slightly better 
than the other groups particularly early on, which did not 
support the hypothesis that this regiment would perform 
better in EGFR mutant NSCLC. Overall, our data do 
not demonstrate that EGFR mutant patients are likely to 
have more benefit with docetaxel and ramucirumab, and 
surprisingly this group did numerically worse than the wild 
type patients receiving the same treatment.

There were several limitations to our study. Most 
importantly, the initial choice of clinicians to give 
ramucirumab to patients is a significant counfounder that 
we were unable to control for. We also note that patients 
in the combination cohorts were on ramucirumab for 
shorter than docetaxel potentially diminishing the potential 
effect of ramucirumab. Proportionally, the reasons for 
discontinuation were similar among all three cohorts. We 
were also limited significantly by the retrospective nature, 
small sample size and temporal constraints of the cohorts in 
our study. The sample size precluded statistical adjustment 
for potential confounding factors, such as poor performance 
status, metastatic disease distribution, or prior exposure to 
bevacizumab or ICI therapy. There was a clear difference in 
the rates of prior exposure to osimertinib between EGFR 
mutant cohorts driven by a temporal association with later 
patients more likely to receive both osimertinib as well as 
ramucirumab. It is unclear how frontline exposure to these 
medications would affect response to these agents in later 
lines of therapy. Prior lines of therapy and type of EGFR 
mutation including the presence of T790M was possibly 
influential although not stratified in our study. We also note 

Figure 3 EGFR-doce, patients with EGFR mutant disease who 
received docetaxel only; EGFR-doce/ram, patients with EGFR 
mutant disease who received docetaxel and ramucirumab; WT-
doce/ram, patients with wild type disease who received docetaxel 
and ramucirumab; EGFR, epidermal growth factor receptor.

Median overall survival
EGFR-doce-4.87 months (95% CI: 4.24−9.34 months)
EGFR-doce/ram-6.68 months (95% CI: 2.5−16.15 months)
WT-doce-6.55 months (95% CI: 4.28−12.5 months)
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that the EGFR cohorts were most often receiving docetaxel 
or docetaxel with ramucirumab one line of therapy later on 
average than the wild type cohort which is likely explained 
by the first line use of EGFR inhibitors. Further, there 
was likely significant patient and clinician variability on 
decisions to initiate ramucirumab for individual patients, as 
well as remain on this therapy, which could have introduced 
systematic error based on the small pool of treating 
clinicians in our institution. 

There remains a paucity of randomized, prospective 
data about the added effect of ramucirumab with docetaxel 
in second line settings among EGFR mutant disease. A 
recent retrospective study of NSCLC patients treated 
with the combination of docetaxel and ramucirumab 
demonstrated that EGFR patients have a superior PFS (5.6 
vs. 3.7 months) (7). It is intriguing that this study showed a 
numerically improved PFS when compared to the REVEL 
data (2), suggesting that EGFR mutant disease is especially 
vulnerable to VEGF inhibition in the salvage setting. 
Despite our data, the incorporation of VEGF therapy in 
first line and salvage therapy as well as the incorporation of 
immunotherapy in patients with EGFR mutant NSCLC 
both remain active areas of investigation. Recently, a phase 
I study of the addition of ramucirumab to osimertinib in 
EGFR mutant disease progressing after first generation 
TKI with the T790M mutation showed encouraging results 
with a median PFS of 11 months (8). A very recent phase 
II study of the addition of bevacizumab to osimertinib in 
EGFR mutant NSCLC with progression on first generation 
TKI, showed no significant improvement in PFS or OS 
with the addition of bevacizumab (9). Currently, a phase II 
study comparing osimertinib with and without ramucirumab 
as frontline treatment for EGFR mutant NSCLC is actively 
enrolling (10). Active investigation into VEGF inhibitor 
and ICI combinations currently include a phase II study 
examining the combination of docetaxel, ramucirumab and 
pembrolizumab in patients who have progressed through 
platinum based therapy with or without immunotherapy, 
as well as a phase II trial comparing ramucirumab and 
pembrolizumab with standard of care therapy in the same 
patient population (11,12). 

Our study offers real-world estimates to clinicians and 
patients about the length of time they can expect to receive 
benefit from docetaxel and ramucirumab. With regard 
to patients with EGFR mutant NSCLC, the authors 
recommend continued consideration of ramucirumab 
when clinically indicated, but a remaining question is 
whether to anticipate better performance than docetaxel 

alone. In the future, we support further research into 
the backbone of osimertinib with ramucirumab, which 
may improve outcomes in the first line setting for these 
patients. We eagerly anticipate the results from the II 
study comparing osimertinib with or without ramucirumab 
in EGFR mutant, TKI naïve NSCLC and a similar study 
with osimertinib and bevacizumab (10). Furthermore, 
the ongoing pivotal phase III study of osimertinib with 
or without bevacizumab as first line therapy for EGFR 
mutant NSCLC has the potential to change the standard 
of care first line therapy in this disease (13). 
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