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Effect of the Addition of TFD725  
to Second-Line Chemotherapy on Survival in Non-Small Cell Lung Cancer  

 
Summary 
Backgound: Lung cancer is the principal cause of cancer related mortality in both men and women in the United 
States, and non-small cell lung cancer accounts for the majority of lung tumors.  Although first-line treatment with 
platinum–based chemotherapy has increased survival for late-stage patients, effective second-line therapies are still 
under development.   
 
Objective: This multicenter, Phase IIB, double-blind, randomized trial was conducted to investigate the use of an 
experimental second-line chemotherapeutic agent, TFD725, in combination with an established second-line agent, 
docetaxel, versus docetaxel alone to improve survival of non-small cell lung cancer patients.  The primary endpoint 
of interest was the hazard ratio comparing instantaneous risk of death between the treatments arms, and the 
secondary endpoint of interest was 12-month proportion surviving.   
 
Methods: Patients (n=188) were randomized in 1:1 ratio to the treatment arm (50 mg/m2 of docetaxel per 3 weeks 
and 50 mg/m2 TFD725 per day, n=98), or the control arm (75 mg/ m2 docetaxel per 3 weeks, n=90).  Randomization 
was stratified by clinical site and disease stage at diagnosis (Stage IIIB without malignant pleural effusion vs. Stage 
IIIB with malignant pleural effusion or Stage IV).  The median duration of follow-up was 551 days in the control 
group and 546 days in the treatment group.  The Kaplan-Meier method was used to estimate the proportion of 
patients who survived to 9, 12, 15, and 18 months in the control and treatment arms of the study.  The Cox 
proportional hazard regression was utilized to estimate the hazard ratio comparing the instaneous risk of death 
between the TFD725+docetaxel group and the docetaxel group.  Exploratory analyses using additional Cox 
regression models examined potential effect modifiers and precision variables in order to generate hypotheses to test 
in future research. 
 
Results: The Cox proportional hazards regression estimated a hazard ratio of 0.75, which compares instantaneous 
risk of death between patients in the TFD725+ docetaxel group to the docetaxel group (95% confidence interval, 
0.54 to 1.04; p=0.08).  No statistically significant difference in hazard of death between treatments arms was 
observed.  The 12-month survival probability was 6.8% higher in the TFD+docetaxel group than the control group 
(95% confidence interval, 7.3% lower to 20.9% higher; p=0.35).  Stratification by abnormal LDH levels and 
abnormal alkaline phosphatase levels did not produce any statistically significant associations in Cox regressions.  
Stratifying by stage of disease at diagnosis produced a significant hazard ratio between the treatment groups among 
those with Stage IIIB disease at diagnosis; among these patients, those taking TFD725+docetaxel had a 0.53 times 
the instantaneous risk of death as those in the control group (95% confidence interval, 0.29 to 0.99; p=0.05).   
 
Conclusion: There was no significant difference in the hazard ratio comparing instantaneous risk of death or 12-
month proportion surviving between the treatments arms.  Overall, the current study does not provide evidence that 
second-line therapy of TFD725 and docetaxel improves survival of late-stage NSCLC patient, compared to 
docetaxel alone.  The data suggest that survival may be improved by the addition of TFD725 to second-line therapy, 
for patients initially diagnosed with Stage IIIB NSCLC without malignant pleural effusion, but not for patients 
diagnosed with Stage IIIB with malignant pleural effusion or Stage IV NSCLC.  Stage of disease at initial diagnosis 
may be a potentially important effect modifier and warrants further investigation. 
 
 
Background 
In the United States, lung cancer is the principal cause of cancer related mortality in both men and women.  The 
current study focuses on non-small cell lung cancer (NSCLC), including adenocarcinomas, squamous cell 
carcinomas and large cell carcinomas.  NSCLC accounts for about 84% of all lung tumors (1). Treatment options 
depend upon initial stage at diagnosis (2), and stage of disease at diagnosis is a critical factor in NSCLC prognosis 
(3).  For patients who present with advanced disease (defined as stage IIIB or IV), surgery is not a viable option. 
Stage IIIB cancer is treated with chemotherapy and radiation, whereas stage IV cancer is treated with chemotherapy 
and supportive care, or supportive care alone (2). The prognosis for patients with advanced NSCLC is poor, with 5-
year survival rates of 5-15% for stage IIIB disease and <5% for those with stage IV disease.  Chemotherapy is an 
essential option for cancer mitigation (1).  For NSCLC, first-line chemotherapy is typically platinum-based, with 
cisplatin and carboplatin being the most commonly-used agents (4).  Additionally, serum lactate dehydrogenase 
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(LDH) (3, 5, 6) and alkaline phosphatase levels (6) have been identified as important prognostic factors for NSCLC.   
 
Many patients with NSCLC experience relapse, necessitating second-line chemotherapy.  Docetaxel and paclitaxel 
are typically used as second-line chemotherapeutic agents, but there is a growing need for additional and improved 
second-line chemotherapeutic regimens for NSCLC (1).  New therapies combining docetaxel with molecular-
targeted agents like tyrosine kinase inhibitors have shown promise (7).   
 
The current study investigates the use of TFD725, an experimental tyrosine kinase inhibitor, as a second-line 
chemotherapeutic agent in combination with docetaxel.   
 
 
Questions of Interest 
1. Does TFD725 increase or decrease the instantaneous risk of death for patients with NSCLC when used as second-
line chemotherapy with docetaxel, relative to docetaxel alone? 
2. Does TFD725 increase or decrease survival probability at twelve months for patients with NSCLC when used as a 
second-line chemotherapy with docetaxel, relative to docetaxel alone? 
3. Do known predictors of poor patient outcomes affect the primary and secondary outcomes of interest? 
Specifically, do abnormal LDH levels, abnormal alkaline phosphatase levels, or stage of disease at initial diagnosis, 
increase or decrease either the instaneous risk of death or the survival probability at twelve months for patients with 
NSCLC by treatment group? 
 
Source of the Data 
This trial was a multicenter, Phase IIB, double-blind, randomized trial of TFD725 and docetaxel versus docetaxel 
alone. All patients (n=188) had progressed on platinum-based chemotherapy as a first-line treatment for NSCLC. To 
be eligible, patients must have had either stage IIIB or stage IV disease at diagnosis, must not have received 
docetaxel as part of their first-line chemotherapy regimen, must have had ECOG performance status 2 or better at 
randomization, must have been ≤80 years old at randomization, and must have agreed to use effective contraception 
for the duration of the study. 
 
Patients were randomized in a stratified manner, by clinical site and disease stage at diagnosis (stage IIIB without 
malignant pleural effusion vs. more advanced disease). Patients in the treatment arm (n=98) received docetaxel (50 
mg/m2 per 3 weeks) and TFD725 (50 mg/m2 per day), whereas patients in the control arm (n=90) received docetaxel 
alone (75 mg/m2 per 3 weeks). Patients were to discontinue study drug if unacceptable toxicities occurred that did 
not resolve after making pre-specified dose modifications to their regimens.  
 
At baseline, each patient's medical history, physical exam findings, and ambulatory status were recorded. These data 
included demographics (study site, age, sex), the presence/absence of advanced disease at diagnosis, tumor response 
to first-line treatment, laboratory measures of disease at randomization (LDH and alkaline phosphatase), and 
performance status on the ECOG scale. Patients were followed for survival until death or the end of the study, 
whichever occurred first.  
 
There were no missing values on any variable for the 188 patients enrolled in the study. Patients who were not 
observed to have died during the study were labeled "censored" for the purposes of study analysis. 
 
Methods 
The study was designed with an intent-to-treat analysis; all patients were followed for the duration of the study 
regardless of whether they complied with the treatment regimen. The primary outcome of the study was the hazard 
ratio comparing instantaneous risk of death between the treatments arms, and secondary endpoint of 12-month 
survival. 
  
Descriptive statistics for each treatment group were calculated using standard formulas for the arithmetic mean, 
standard deviation, median, and percentiles.  In order to identify any statistically significant differences in 
demographic characteristics at baseline, we performed a two-sample t-test with unequal variances on the continuous 
variables (age and time from initial diagnosis to randomization), and a test of binomial proportions to compare the 
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mean or proportion between the treatment arms on the binary variables (European site, male, advanced stage, 
response to first line therapy, abnormal LDH, and abnormal alkaline phosphatase).  A chi-squared test was 
performed to assess whether the proportion of subjects having ECOG levels 0, 1, and 2 were different between the 
treatment arms. For these and all other statistical tests, the level of significance was pre-specified to be α=0.05. 
 
A Cox proportional hazards model was used to compare the instantaneous risk of death between treatment groups, 
which was the primary endpoint, with a hazard ratio of less than one suggesting better survival in the treatment 
group. This method provides the average estimated hazard ratio over time, for each group, where the “hazard” is the 
risk of the event occurring (in this study, death) at any given time point, given that a subject survived to at least that 
time point.  Confidence intervals were calculated under the assumption that hazards ratio are constant over time (the 
“proportional hazards” assumption). There was nothing to indicate that this was not a valid assumption in this 
dataset. 
 
We used the Kaplan-Meier method to estimate the proportion of patients who survived to 9, 12, 15, and 18 months 
in the control and treatment arms of the study; of these, we chose 12-month survival as the secondary endpoint 
because it is a clinically-accepted comparison measure. The 95% confidence intervals (CI) were derived using 
standard errors calculated with Greenwood’s Formula; the intervals indicate the range of the true population 
proportion surviving for which it would not be unusual to obtain the observed results. The Kaplan-Meier method 
assumes that censoring is non-informative; that is, patients who were censored are no more or less likely to 
experience an event (in this study, death) than patients who remained under observation. Although nothing in a 
dataset can fully validate this assumption, we analyzed the censoring distribution with a Cox regression, redefining 
censoring as the event of interest, to see if significant differences existed between treatment groups. A priori, non-
informative censoring was a reasonable assumption.  
 
We used a Cox regression model to assess whether pre-specified variables were effect modifiers or precision 
variables. (We did not expect to find confounders, due to the randomized nature of the study; we were most 
interested in identifying precision variables and effect modifiers.) Previous clinical knowledge indicates that 
abnormal LDH, abnormal alkaline phosphatase, and advanced stage of disease at diagnosis are strong predictors of 
poor outcomes. Therefore, we planned to begin our exploratory analyses by testing each variable individually as an 
interaction term in the Cox regression model. For the covariates that were not effect modifiers, we then checked 
whether they were associated with survival time in each treatment group; that is, we checked to see if the variable 
was a precision variable. We fit six simple Cox regression models for survival time.  In each model we restricted our 
analysis to either the placebo or treatment group and tested one covariate of interest alone in the model (stage of 
disease, abnormal LDH, and abnormal alkaline phosphatase). If the results were significant in either treatment group, 
we regarded it as an indication of association between survival time and the covariate, given treatment group.  We 
explored the association between treatment and survival time among each subgroup defined by the effect modifier or 
precision variable to see whether the treatment effect was significant in certain subgroups. Because these analyses 
were exploratory, we planned to interpret their results and p-values with caution. There were no adjustments made 
for multiple comparisons. 
 
All analyses were conducted using Stata (version 11, copyright StataCorp) and R (version 2.91).  
 
Results 
Baseline characteristics of the study population are presented in Table 1.  The patients in each treatment arm had 
similar demographic characteristics and severity of disease at baseline, as expected in a randomized trial.  Only the 
proportion of patients with abnormal alkaline phosphatase was significantly different between the treatment arms 
(p=0.04). 
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The duration of follow-up varied from 56 days to 615 days (20.2 months). In the treatment arm, 30 (30.6%) patients 
were censored over the duration of follow-up, versus 18 (20.0%) in the control arm. The median duration of follow-
up was 551 days in the control group and 546 days in the treatment group.  From the Cox regression, the censoring 
distribution did not differ significantly between treatment groups (two-sided p=0.856).  
 
The proportion of patients surviving in each treatment group at 9, 12, 15, and 18 months is presented in Table 2, as 
estimated using the Kaplan Meier method. Median survival was 374 days for the control group, and 414 days for the 
treatment group.  Among the TFD725+docetaxel group, the survival probability at 12 months was 6.8% higher than 
that of control group (95% CI, 7.3% lower to 20.9% higher; p=0.34).  The survival proportions became more 
divergent between the treatments groups as time from randomization increased.  At 9 months the survival 
probability in the TFD725+docetaxel group was 2.7% greater than that of the docetaxel group (95% CI, 8.7% lesser 
to 14.1% greater; p=0.64); whereas at 18 months, the survival probability in the TFD725+docetaxel group was 
12.5% greater than that of the docetaxel group (95% CI, 0.65% lesser to 25.7% greater; p=0.08).  The wide 
confidence intervals suggest a lack of precision in these estimates, however.   
 
The hazard ratio was 0.75, comparing the instantaneous risk of death between the TFD725+docetaxel group and the 
control group (95% CI, 0.54 to 1.04; p=0.08), as shown in Table 3. 
 
The survival curves of the proportion of patients surviving versus days from randomization by treatment group are 
presented in Figure 1A.  Survival between treatment groups was nearly identical soon after randomization and the 
survival between groups diverge after 12 months. A statistically significant difference in survival probability 
between the groups was observed at 15 months (14.0% higher among the treatment group; 95% CI, 0.4% higher to 
27.5% higher; p=0.04). 
 
Among the three variables individually tested in the Cox regression model – abnormal LDH, abnormal alkaline 
phosphatase, and advanced disease at diagnosis – only advanced disease status was a potential effect modifier, 
although it was not statistically significant (two-sided p = 0.075).  The survival probability estimated at 12 months in 
each group defined by treatment group and stage is shown in Table 3. We found that among patients with Stage IIIb 
disease without malignant pleural effusion at diagnosis, the treatment group had a 20.2% higher (95% CI, 2.4% 
lower to 42.7% higher; p=0.08)  probability of survival at 12 months. According to the Cox regression, the risk of 
death in the treatment group was 0.53 (95% CI, 0.29 to 0.99) times that of the control group. This difference was 
significant (p = 0.05) and allows us to reject the null hypothesis that there was no difference in survival between 
treatment groups among patients with Stage IIIB disease at diagnosis. However, among patients with advanced 
disease at diagnosis (Stage IV disease or malignant pleural effusion), the treatment group had a 1.7% lower 95% CI, 
19.6% lower to 16.3% higher; p=0.85) survival probability at 12 months and those in the TFD725+docetaxel group 
had 0.99 (95% CI, 0.67 to 1.46, p=0.96) times the instantaneous risk of death as compared to the patients treated 
with docetaxel alone. 
 
Abnormal LDH and abnormal alkaline phosphatase were also significantly associated with survival time. Since the 
treatment groups did not have equal proportions of patients with abnormal LDH and abnormal alkaline phosphatase 
at randomization, we performed subgroup analyses with these two variables.  The survival curves defined by 
treatment group and each of these variables are shown in Figure 1C and Figure 1D, respectively. Table 3 shows the 
estimated difference in survival probability at 12 months and the hazard ratios for each group. None of the results 
were significant, although among patients with abnormal alkaline phosphatase at baseline, there was a 6.2% lower 
(95% CI , 22.5% higher to 34.9% lower; p=0.67) survival probability in the treatment group relative to placebo at 12 
months. 
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Discussion 
In this multicenter, Phase IIB, double-blind, randomized trial, TFD725 did not significantly improve survival when 
added to docetaxel as second-line therapy for NSCLC, compared docetaxel alone.  Because the censoring 
distributions did not differ between treatment groups, we can infer that the addition of TFD725 did not compromise 
a patient’s capacity to participate in the study. That is, neither side effects nor lack of treatment effect influenced the 
likelihood that a patient would return for observation and data collection.  
 
Although the difference between treatment groups was not statistically significant, patients receiving TFD725 in 
addition to docetaxel had a 6.8% higher survival probability at 12 months than patients receiving docetaxel alone.  
The hazard ratio indicated that instantaneous risk of death was lower for patients receiving TFD725 than those 
receiving docetaxel alone; however, this difference was also not statistically significant (HR = 0.75; 95% CI, 0.54 to 
1.04).   Even though no statistically significant difference was observed between the treatment groups, the data do 
not preclude the existence of such a difference.  Patients receiving TFD725 had a 14% higher survival proportion at 
15 months than those who received docetaxel alone, and this difference was significant (two-sided p=0.04). These 
data may suggest that any purported benefit of TFD725 is manifest only over the long-term; patients who die early 
during the course of second-line therapy may be at such increased risk of death that treatment will not affect their 
survival outcomes.  Since NSCLC survival is low over time intervals longer than 12 months, TFD725 may have 
limited utility as a treatment for this type of cancer. The width of the 95% confidence interval for the difference in 
15-month survival (0.412% to 27.5% greater survival in the treatment group) highlights the lack of statistical 
precision in the survival estimates. Further investigation is warranted to determine whether the true survival 
difference is closer to 0.412% or 27.5%, as the magnitude of the difference will guide clinical decision-making and 
affect how side effects or adverse events are weighed against possible benefits of TFD725. Also, further 
investigation with larger sample sizes may be able to demonstrate a significant association between TFD725 and 
survival at 9- and 12-month time intervals. 
 
Alternatively, the lack of statistically significant differences in 12-month survival may be due to effect modification 
by stage of disease at diagnosis. Our exploratory analyses suggest that TFD725 treatment may improve survival only 
for patients diagnosed with Stage IIIB without malignant pleural effusion (Table 3; Figure 1B). Among patients with 
Stage IV disease or malignant pleural effusion at diagnosis, treatment did not significantly alter (or worsen) survival 
(HR=0.99; 95% confidence interval, 0.67 to 1.46). However, because this inference relies on subgroup analysis, it 
should be interpreted with caution. A further study, including only patients with Stage IIIB disease without 
malignant pleural effusion at diagnosis, would be required to demonstrate the benefit of TFD725 in this patient 
population.  
 
Our exploratory analyses also indicate that TFD725 may not provide any benefit to patients who have an abnormal 
alkaline phosphatase at the time second-line treatment is initiated. Among patients with abnormal alkaline 
phosphatase levels, treatment was associated with a lower survival at 12 months and a higher risk of death. However, 
these results should also be interpreted with extreme caution, because the confidence intervals were wide and 
p>>0.05 for both statistics. There were relatively few people with abnormal alkaline phosphatase in this study (29 in 
the control group, 19 in the treatment group); to evaluate whether TFD725 toxicity differs for patients with 
abnormal alkaline phosphatase, another trial with a larger sample size of these patients would be necessary. 

Taken as a whole, this multicenter, Phase IIB, double-blind, randomized trial does not demonstrate that the 
combination of TFD725 and docetaxel improves survival of late-stage NSCLC patients as compared to docetaxel 
alone.   
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Table 1. Descriptive statistics for patient characteristics by treatment group. 

 Docetaxel Alone (n=90) Docetaxel and TFD725 (n=98) 

  mean (sd) min median max mean (sd) min median max 

Age at randomization 
(years) 60.51 (4.79) 50 61 75 60.38 (5.41) 46 60 71 

Time from diagnosis to 
randomization (months) 10.23 (4.35) 3 10 27 10.39 (4.78) 3 10 31 

  proportion proportion 

Proportion from a 
European site 18.1% 17.3% 

Proportion male 52.2% 58.2% 

Proportion with malignant 
pleural effusion (stage IV) 65.6% 60.2% 

Proportion with tumor 
response to first therapy 56.7% 57.1% 

Proportion with abnormal 
LDH level at randomization 17.8% 9.2% 

Proportion with abnormal 
alkaline phosphatase level 
at randomization 32.2% 19.4% 

ECOG Scale Score of 0 25.6% 34.7% 

ECOG Scale Score of 1 68.9% 61.2% 

ECOG Scale Score of 2 5.6% 4.1% 
* Measurement taken at randomization 
**Patients with malignant pleural effusion were Stage IV, and remaining patients were Stage IIIB 

 
 
Table 2. Kaplan-Meier estimates of survival probability by treatment group.  

% Survival (95% CI) by Treatment Group 

Months Docetaxel Docetaxel + TFD725 

9 78.9 (68.9, 86.0) 81.6 (72.4, 88.0) 

12 54.4 (43.6, 64.1) 61.2 (50.8, 70.1) 

15 28.9 (12.0, 38.4) 42.9 (33.0, 52.4) 

18 19.5 (11.4, 29.1) 32.0 (22.7, 41.6) 

 
 
 
 
 
 

Comment [A37]: You gave the 
differences and inference in the text. 
That could suffice, but I would likely have 
included it as a third column here.
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Table 3: Estimated differences in survival probabilities and hazard ratios between treatment groups for all patients 
and for pre-specified subgroups. 

Covariate1 Stratum 

% Difference in 12-
Month Survival 

Probability2, 
Treatment – Control  

(95% CI) 
Two-sided p-

value 

Hazards Ratio, 
Treatment:Control  

(95% CI) 

Two 
sided 

p-value 
All Patients  n/a 6.8 (-7.3, 20.9) 0.34 0.75 (0.54, 1.04) 0.08 

Not advanced 20.2 (-2.4, 42.7) 0.08 0.53 (0.29, 0.99) 0.05 Advanced 
disease at 
diagnosis3 Advanced -1.7 (-19.6, 16.3) 0.85 0.99 (0.67, 1.46) 0.96 

Normal 1.9 (-13.0, 16.8) 0.80 0.79 (0.55, 1.14) 0.21 LDH at 
diagnosis 

Abnormal 14.6 (-21.7, 50.8) 0.43 0.72 (0.32, 1.62) 0.43 

Normal 8.4 (-7.8, 24.7) 0.31 0.74 (0.49, 1.11) 0.14 Alkaline 
Phosphatase 
at diagnosis Abnormal -6.2 (-34.9, 22.5) 0.67 1.04 (0.56, 1.95) 0.90 

1. Each covariate was entered individually into a simple Cox proportional hazards regression model. 
2. Difference between treatment arms in absolute percentages (not relative). 
3. Not advanced = Stage IIIB without malignant pleural effusion at diagnosis; Advanced = Stage IIIB with malignant 

pleural effusion or Stage IV at diagnosis.  
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Figure 1: Kaplan- Meier survival estimates by treatment group and subgroups of interest. 
 (A) Proportion of all patients surviving versus days from randomization by treatment group (B) Proportion of 
patient. (A) Proportion of patients surviving versus days from randomization by treatment group (placebo=docetaxel 
alone; study drug= docetaxel + TFD725) (B) Proportion of patient surviving versus days from randomization by 
treatment group and stage of disease at diagnosis (advdis=0: Stage IIIB; advis=1: stage IV or malignant pleural 
effusion) (C) Proportion of patients surviving versus days from randomization by treatment group and abnormal 
LDH at randomization (abnLDH=0: normal LDH; abnLDH=1: abnormal LDH) (D) Proportion of patients surviving 
versus days from randomization by treatment group and  abnormal alkaline phosphatase level at randomization 
(Alkphos=0: normal alkaline phosphatase level; Alkphos=1: abnormal alkaline phosphatase level). 
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Figure 1.A: Kaplan-Meier survival estimates by treatment group
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Figure 1.B: Kaplan-Meier survival estimates by treatment group and advdis
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Figure 1.C: K-M survival est imates by treatment group and LDH
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Figure 1.D: K-M survival est imates by treatment group and Alk Phos

 
 
 
 
 

Comment [A38]: You talk about 
months elsewhere. I would have used 
months everywhere. 30.4 and 365 are 
such difficult numbers to work with. 


