
Abstract. Background/Aim: The antineoplastic drug
docetaxel (DOC) and the antivascular endothelial growth
factor inhibitor ramucirumab (RAM) are widely used in
combination for second or later-line regimens for advanced
non-small cell lung cancer (NSCLC). While the median
progression-free survival (PFS) of DOC+RAM has been
reported to be less than six months in both clinical trials and
clinical practice, there appear to be some patients with long-
term PFS. This study aimed to clarify the existence and
characteristics of these patients. Patients and Methods: We
conducted a retrospective review of patients with advanced
NSCLC treated with DOC+RAM between April 2009 and
June 2022 at our three hospitals. There was no established
definition of long-term PFS, thus in this study, a PFS of 12
months or longer was defined as long-term PFS. Results:
During the study period, 91 patients received DOC+RAM
treatment. Of these, 14 (15.4%) achieved long-term PFS.
There were no significant differences in patient
characteristics between patients with PFS ≥12 months and
those with PFS <12 months, except for ‘clinical stage IIIA-
C’ at DOC+RAM initiation and ‘post-surgical recurrence’.
In uni- and multivariate analyses, favorable factors for PFS
were ‘Stage III at the start of DOC+RAM’ in driver gene-

negative patients, and ‘under 70 years old’ in driver gene-
positive patients. Conclusion: Many patients in this study
achieved long-term PFS with DOC+RAM treatment. In the
future, it is expected that long-term PFS will be defined, and
the background of patients who achieve such PFS will
become clearer.

Docetaxel (DOC) is an antitumor drug that inhibits cancer
cell proliferation by stabilizing microtubules, which are one
of the cellular components required for cell division.
Ramucirumab (RAM) is an antivascular endothelial growth
factor receptor-2 (anti-VEGFR2) monoclonal antibody (1).
RAM suppresses tumor growth by preventing VEGF from
binding to VEGFR2 and sending downstream angiogenic
signals (1). At present, combination therapy with
DOC+RAM is one of the recommended second or later-line
chemotherapy regimens for advanced non-small cell lung
cancer (NSCLC) (2). This chemotherapy regimen is
associated with high rates of myelosuppression, peripheral
neuropathy, febrile neutropenia, and alopecia, which are
difficult to manage (3, 4). This regimen has been confirmed
to have a certain degree of efficacy in clinical trials;
however, it is evaluated as of one of the standard second or
later-line treatment regimens for NSCLC (5-8). Despite these
evaluations, the median progression-free survival (PFS)
achieved following this treatment regimen is reported to be
4.0-5.2 months in clinical trials (5, 6), and 4.3-5.8 months in
clinical practice (7, 8). Indeed, NSCLC patients with long-
term PFS have rarely been reported (9). In our many years
of practice, though very rare, there have been some patients
with long-term responses to this treatment. Therefore, we
conducted a retrospective study to clarify: 1) the percentage
of patients with long-term responses, and 2) the
characteristics of patients who have long-term responses. We
also investigated favorable factors for PFS with DOC+RAM
therapy. It was hypothesized that such factors differ
depending on the presence or absence of driver mutations.
In addition to investigating driver mutation-negative patients,
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we also examined driver mutation-positive patients, a factor
that has rarely been investigated (10, 11).

Patients and Methods

Patients. We examined the medical records of all patients diagnosed
with NSCLC and included all the patients who were treated with
DOC+RAM for any treatment line between April 2009 and June
2022 at three tertiary hospitals in Japan (Mito Medical Center,
University of Tsukuba-Mito Kyodo General Hospital, and
Ryugasaki Saiseikai Hospital). NSCLC was diagnosed using the
World Health Organization classification. Clinical staging was
determined with tumor node metastasis staging (TNM
Classification, eighth edition) (12) prior to the initiation of any
anticancer therapy using computed tomography/magnetic resonance
imaging of the head, ultrasonography/computed tomography of the
abdomen, and bone scans. The driver mutations examined were
epidermal growth factor receptor (EGFR) mutations and anaplastic
lymphoma kinase (ALK) rearrangements. Patient demographics
extracted from medical records included age, sex, Eastern
Cooperative Oncology Group score for performance status,
histopathology, disease stage, programmed death-ligand 1
expression, objective tumor response and survival. Tumor response
was categorized as complete response, partial response, stable
disease, or progressive disease, as per the Response Evaluation
Criteria in Solid Tumors (version 1.1) (13). Adverse events were

classified using the National Cancer Institute Common Terminology
Criteria for Adverse Events (version 5.0) (14).

Definition of long-term PFS for DOC+RAM. There has been no
established definition for ‘long-term PFS’ in anticancer chemotherapy,
and it varies by therapy (15-18). Most of the reported ‘long-term PFS’
are PFS for first-line chemotherapy, and ‘long-term PFS’ is rarely
used in second-line and subsequent treatments (19). DOC+RAM have
usually been given as second or later-line chemotherapy. We searched
for ‘long-term PFS’ for this regimen, but to our knowledge, there
have been no reports to date. Therefore, we determined ‘long-term
PFS’ by referring to the PFS of clinical trials and routine clinical
practice. Median PFS in clinical trials and clinical practice was less
than six months (5, 6). Based on these results (5, 6), PFS of 12
months or longer was defined as ‘long-term PFS’ in this study.

Statistical analysis. Nominal variables were compared using a chi-
squared test and values with an unknown population variance were
compared using a nonparametric Mann-Whitney test. PFS,
commonly used in cancer treatment, is defined as the length of time
during and after disease treatment that a patient lives with the
disease but it does not get worse. PFS was calculated with a Kaplan-
Meier analysis and compared using a log-rank test. Cox proportional
hazards modeling with the forward-backward stepwise method was
used to identify the independent variables to be included in the final
model, with PFS as the dependent variable. Multivariate analyses
included only variables with a p-value of less than 0.2 in univariate
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Table I. Clinicopathological features in patients who had progression-free survival of 12 months or longer.

Patient Age Sex PS Histology Clinical TTF-1 PD-L1 EGFR Post-surgical Treatment PFS Adverse 
stage* relapse line of (mo) events

DOC+RAM

1 67 M 1 AD 3B Negative 100% No 3 61 Edema 
(Grade 3)

2 86 M 1 AD 3B Positive 24% Ex19 del Yes 2 29
3 69 M 1 AD 4B Weak, focal 35% No 4 26

positive
4 71 F 1 SQ 3C Negative 75% No 2 21
5 68 M 1 SQ 3B Not 0 Yes 2 19

evaluated
6 50 M 1 SQ 3B Negative 0 Yes 2 19 Stomatitis 

(Grade 3)
7 65 M 1 SQ 3B Negative 60% Yes 2 18
8 75 F 1 AD 4A Not Not Ex19 del No 5 17

evaluated evaluated
9 65 F 1 ADSQ 4B Not 0 Ex19 del Yes 2 16

evaluated
10 55 M 1 AD 3B Positive 0 No 4 15
11 59 M 1 AD 4B Not Not No 3 14

evaluated evaluated
12 62 M 1 AD 3B Positive 0 Yes 5 13
13 24 F 1 AD 4A Positive 0 No 2 12
14 79 F 1 AD 4B Not 0 Ex21 L858R No 2 12

evaluated

PS: Performance status; TTF-1: thyroid transcription-1; PD-L1: programmed cell death 1- ligand 1; EGFR: epidermal growth factor receptor; DOC:
docetaxel; RAM: ramucirumab; PFS: progression-free survival; M: male; F: female; AD: adenocarcinoma; SQ: squamous cell cancer; ADSQ:
adenosquamous cell cancer. *Clinical stage at the time of DOC+RAM initiation.



analysis. All statistical analyses were conducted using SPSS version
23 (IBM Corporation, Armonk, NY, USA). A p-value of less than
0.05 was considered significant.

Ethics. This study complied with the Ethical Guidelines for Clinical
Studies issued by the Ministry of Health, Labor, and Welfare of
Japan. Written informed consent to participate in a non-
interventional retrospective study was obtained from each patient.
The Mito Medical Center-University of Tsukuba Hospital Ethics
Committee approved the examination of medical records for the
purpose of this study (no. 20-57).

Results

Characteristics of patients. A total of 1718 NSCLC patients
were diagnosed at our three hospitals during the study period.

Among them, 91 received DOC+RAM therapy. Of these 91
patients, 68 were driver gene-negative and 23 were positive.
All driver gene-positive patients carried EGFR gene variants.
The median PFS for these 91 patients was 3.0 months
(range=1.0-61.0 months). Fourteen of these 91 patients (15.4%)
had PFS ≥12 months. The background characteristics of these
14 patients are shown in Table I. Figure 1 shows the specific
treatment sequences for these 14 patients. Two EGFR gene-
positive patients (8.7%) and 12 driver gene-negative patients
(17.6%) had PFS ≥12 months. Eleven of the 14 patients with
PFS ≥12 months received pemetrexed±bevacizumab prior to
DOC+RAM treatment, and seven of these had PFS ≥12
months on this treatment as well. 

Table II shows the characteristics of patients with PFS <12
months and ≥12 months. The 14 patients with long-term PFS
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Figure 1. The specific treatment sequences for the 14 patients who had progression-free survival of ≥12 months are shown. Bold boxes indicate
pemetrexed±bevacizumab treatment. DOC: Docetaxel; RAM: ramucirumab; ICI: immune checkpoint inhibitor; EGFR-TKI: endothelial growth
factor receptor-tyrosine kinase inhibitor.

Table II. MAPK7 gene rs2233072 (T>G) variant analysis.

Patients

Patients with PFS ≥12 months Patients with PFS <12 months p-Value

Number of patients 14 77
Sex male:female 9:5 61:16 0.299
Age, median (range), years 67 (24-86) 66 (29-83) 0.974
PS, 0-1:2-3 14:0 77:0 0.999
Pathology, AD:others 9:5 54:23 0.755
Stage, IIIA-C:IVA-B 8:6 15:62 0.006
Relapse after resection, no:yes 6:8 9:68 0.010
EGFR, positive:negative 4:10 19:58 0.746
ALK, positive:negative 0:14 0:77 0.999
DOC+RAM, 2nd line:later lines 8:6 42:35 0.999
DOC+RAM, 2nd-3rd line:later lines 10:4 64:13 0.288

PS: Performance status; AD: adenocarcinoma; EGFR: epidermal growth factor receptor; ALK: anaplastic lymphoma kinase; DOC: decetaxel; RAM:
ramucirumab.



had a performance status of 1 at the start of DOC+RAM
treatment, and there were no specific characteristic findings
for age, sex, or histology in these patients, except for
‘clinical stage IIIA-C’ at the time of DOC+RAM initiation
and ‘post-surgical recurrence’. Four of the 14 patients with
PFS ≥12 were EGFR mutation-positive.

Favorable factors for long-term PFS in 68 driver gene-
negative patients. Univariate and multivariate analyses were
performed to clarify favorable PFS factors, and the results
are shown in Table III. In univariate analysis, ‘clinical stage
IIIA-C’ at the time of DOC+RAM initiation and ‘post-
surgical recurrence’ were significantly favorable factors for
PFS. In multivariate analysis, only ‘clinical stage IIIA-C’ at
the time of DOC+RAM initiation was a significantly
favorable factor for PFS.

Favorable factors for long-term PFS in 23 EGFR-mutated
patients. Univariate and multivariate analyses were
performed to clarify favorable PFS factors, and the results
are shown in Table IV. In univariate analysis, ‘age less than
70 years’ and ‘post-surgical recurrence’ were significantly
favorable factors for PFS at the start of DOC+RAM
treatment. In multivariate analysis, only ‘age less than 70
years’ was a significantly favorable factor for PFS.

Discussion

In the present study, we revealed that there was a small
proportion of NSCLC patients with PFS >12 months on
DOC+RAM therapy. ‘Clinical stage IIIA-C’ at the time of
DOC+RAM initiation and ‘post-surgical recurrence’ were
identified as characteristics of patients with such long-term
PFS. In uni- and multivariate analyses of all patients treated
with DOC+RAM, ‘clinical stage IIIA-C’ at the time of
DOC+RAM initiation was a favorable factor in driver gene-
negative patients. On the other hand, among driver gene-
positive patients, all of whom carried the EGFR mutation,
‘age less than 70 years’ was a favorable factor.

DOC+RAM therapy has been evaluated as one of the
standard treatments for second or later-line therapy for
patients with advanced NSCLC (5-8). Although there have
been reports of patients with long-term responses to DOC
without RAM (20, 21), combination with RAM has been
shown to extend the duration of response (5-8).

DOC+RAM has been evaluated as a second or later-line
therapy, and the median PFS with DOC+RAM has been
reported to be less than six months in both clinical trials and
clinical practice (5-8). Although there have been few reports
of patients with long-term responses to DOC+RAM (9), we
occasionally encounter patients with long-term response in
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Table III. Uni- and multivariate analysis of survival from the initiation of docetaxel and ramucirumab in 68 driver gene-negative patients.

                                                                     Univariate analysis Multivariate analysis
                                                                             (p-value)
                                                                                     Odds ratio 95%CI p-Value

Age, less than 70 years                                          0.424
Sex, female                                                              0.530
Stage, IIIA-C                                                          0.003 1.906 1.108-3.277 0.020
Pathology, AD                                                         0.949
Relapse, after surgical resection                            0.011 1.758 0.973-3.175 0.062
DOC+RAM, 2nd to 3rd line                                    0.708

EGFR: Epidermal growth factor receptor; CI: confidence interval; AD: adenocarcinoma; DOC: docetaxel; RAM: ramucirumab.

Table IV. Uni- and multivariate analysis of survival from the initiation of docetaxel and ramucirumab in 23 patients with EGFR mutation.

                                                                     Univariate analysis Multivariate analysis
                                                                             (p-value)
                                                                                     Odds ratio 95%CI p-Value

Age, less than 70 years                                          0.026 1.111 0.402-0.863 0.035
Sex, female                                                              0.696
Stage, IIIA-C                                                          0.217
Pathology, AD                                                         0.380
Relapse, after surgical resection                            0.042 –1.336 –15.37 - –3.18 0,052
DOC plus RAM, second line                                 0.074

EGFR: Epidermal growth factor receptor; CI: confidence interval; AD: adenocarcinoma; DOC: docetaxel; RAM: ramucirumab.



routine clinical practice. Therefore, this research was
conducted with the aim of clarifying the ratio and
characteristics of such patients. Although we were unable to
clarify patient characteristics associated with long-term PFS,
we were able to show that there were a number of such
patients. As far as we could determine, this is the first study
with such a relatively large number of patients, and so there
are no previous studies with which to compare. In the future,
it is expected that more investigations will be conducted into
the long-term response to DOC+RAM treatment. In this
sense, our report provides valuable data for later comparison.

It is difficult to clearly explain the underlying reasons
behind the favorable factors for PFS obtained in this study.
It is possible that the increased PFS in driver gene-negative
patients with stage III disease at the time of recurrence could
indicate the relationship between small tumor burden and
reduced spread of lesions. All patients studied were regularly
monitored for recurrence after first-line therapy. In other
words, patients remained in stage III disease, with relatively
low tumor burden and without distant metastases. We
hypothesized that patients with these characteristics might
have been associated with longer PFS than those without.
Similarly, it is difficult to explain why ‘70 years or younger’
was a favorable factor for PFS in driver gene-positive
patients, as it is known that EGFR gene mutation impacts a
higher proportion of young patients (18, 19). As DOC side
effects are known to be painful, it is possible that younger
patients may have tolerated these side effects and remained
on treatment longer than older patients.

Of the 14 patients with long-term PFS, one had grade 3
edema and one had grade 3 stomatitis. Interestingly, the
patient with edema discontinued DOC+RAM therapy but
had a long-term follow-up without recurrence on periodic
imaging evaluations. Of these 14 patients with PFS of 12
months or longer, three patients received first-line therapy
that included immune checkpoint inhibitors. Due to this
small number of patients, it was not possible to analyze these
patients separately. In the future, the positioning of
DOC+RAM therapy after treatment including immune
checkpoint inhibitors should also be evaluated.

In addition to the above point, our present study has some
limitations. Although data from patients across three
institutions were examined, this was a retrospective study with
a relatively small number of patients with variable background
characteristics. It should be noted that the results are
provisional and did not provide a final, statistically valid
conclusion. EGFR mutation and ALK rearrangements were
examined as driver genes in all patients, however, tests for
additional driver genes were performed in a subset of patients
as they became newly available during the study period. In
addition, there were no patients carrying the ALK
rearrangement, and, as a result, all the driver gene-positive
patients were EGFR-positive patients. For driver gene-positive

patients, a detailed examination of the response to DOC+RAM
therapy for each driver gene will be necessary in the future.

There is no established definition of long-term response
to therapy. In this study, the long-term response was defined
as having PFS of 12 months or longer. Under this definition,
this study revealed that there is a certain number of patients
with long-term PFS. Moving forward, a commonly accepted
definition of long-term PFS should be established. It is also
expected that characteristics common to patients with long-
term PFS will be clarified.
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