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Abstract
Complementary and alternative medicines are used by up to 48% of lung cancer patients but have seen little formal
assessment of survival efficacy. In this 10-year retrospective survival study, the authors investigated Pan-Asian medicine
+ vitamins (PAM+V) therapy in a consecutive case series of all non-small-cell lung cancer patients (n = 239) presenting
at a San Francisco Bay Area Chinese medicine center (Pine Street Clinic). They compared short-term treatment lasting
the duration of chemotherapy/radiotherapy with long-term therapy continuing beyond conventional therapy. They also
compared PAM+V plus conventional therapy with conventional therapy alone, using concurrent controls from the Kaiser
Permanente Northern California and California Cancer Registries. They adjusted for confounding with Kaplan-Meier, Cox
regression, and newer methods --propensity score and marginal structural models (MSMs), which when analyzing data
from observational studies or clinical practice records can provide results comparable with randomized trials. Long-term
use of PAM+V beyond completion of chemotherapy reduced stage IIIB deaths by 83% and stage IV by 72% compared with
short-term use only for the duration of chemotherapy. Long-term PAM+V combined with conventional therapy reduced
stage IIIA deaths by 46%, stage IIIB by 62%, and stage IV by 69% compared with conventional therapy alone. Survival rates
for stage IV patients treated with PAM+V were 82% at 1 year, 68% at 2 years, and 14% at 5 years. PAM+V combined with
conventional therapy improved survival in stages IIIA, IIIB, and IV, compared with conventional therapy alone. Prospective
trials using PAM+V with conventional therapy for lung cancer patients are justified.
Keywords
lung cancer, survival, Chinese herbal medicine, vitamins, propensity score, marginal structural models, chemotherapy,
radiotherapy

Background
Lung cancer is the leading cause of cancer death in the
United States, with 75% of cases being non-small-cell lung
cancer.1,2 In 1988, when recruitment for the cohort described
in the current study began, median survival with inoperable
non-small-cell lung cancer was 6 months following etoposide/
cisplatin chemotherapy and 8 months with added β- and
γ-interferons.3 Systemic therapies for advanced non-smallcell lung cancer have not substantially improved survival.
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Adjuvant chemotherapy reduces risk of death at 2 years
by only 13% compared with surgery alone.4 Chemoradio
therapy reduces the risk by 14%5; however, adjuvant
radiotherapy alone increases it by 21%.6,7 Platinum-based
chemotherapy increased 12-month survival by 5% and tumor
response by 62% but with greater toxicity.8 In meta-analyses
of studies, addition of platinum-based drugs to older chemotherapy regimens improved 12-month survival by only
5% (34% vs 29%; odds ratio [OR] = 1.21, 95% confidence
interval [CI] = 1.09, 1.35),8 and in individual patient data
meta-analyses, 12-month survival after chemotherapy is
only 29%.9 Gefitinib did not improve survival compared
with carboplatin/paclitaxel chemotherapy alone,10 whereas
erlotinib significantly improved survival.11 Improvements
in treatment are still needed.
Complementary and alternative medicine (CAM) is a
broad field, including physical medicine approaches, such
as acupuncture and massage, and pharmacological approaches,
such as vitamins and herbal medicine. Herbal medicine is
used by approximately 48% of lung cancer patients.12 Metaanalysis of randomized trials from China suggests that
herbal therapies combined with platinum-based chemotherapy increases survival in non-small-cell lung cancer by up
to 42%, compared with chemotherapy alone.13 However,
evidence for survival efficacy in the Western medical literature is sparse. In a retrospective Mayo Clinic cohort study,
vitamin use in non-small-cell lung cancer patients was associated with a lower risk of death (hazard ratio [HR] = 0.74;
95% CI = 0.60, 0.91), but that study relied on self-reported
and proxy data on vitamins use, did not include herbal
medicine, and did not examine survival within disease stage,
the most important prognostic variable in non-small-cell
lung cancer.14

Randomized Controlled Trials in
CAM Therapies
Although randomized controlled trials are considered the
gold standard, they are sometimes unfeasible for researchers and/or undesirable to patients. Less than 5% of cancer
patients participate in trials,15 and little is known about
recruitment success in CAM trials.16 For patients, the common availability of CAM therapies may reduce the acceptability of entering randomized CAM trials. Alternatives to
randomized trials exist.17
Marginal structural model (MSM) methods for causal
inference provide near-randomized comparability between
treatment groups in observational studies.18,19 They reduce
bias by adjusting for confounding and allow for identification of true causal effects not found through traditional
association models such as Cox regression.20-23 They are
a standardization tool, making treatment groups comparable based on the probability of having been treated, given
individual characteristics, such as age, gender, and treatment exposure.24 MSMs have not been applied in studies of
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cancer survival in general25 or Chinese herbal medicine in
particular.
The propensity score method for causal inference is
another way to create near-randomized comparability between
treatment groups in observational studies based on the multivariate probability of receiving treatment.26,27 It has been
used in cancer survival but not in Chinese herbal medicine
studies.

Objectives
We conducted this retrospective study to investigate
whether Chinese herbal medicine and vitamins improve
lung cancer survival and to provide a design foundation and
sample size estimates for prospective trials. Our hypotheses
were that (1) patients choosing long-term Pan-Asian medicine + vitamins (PAM+V) continuing beyond conclusion of
standard therapy would have longer survival than patients
using short-term PAM+V lasting only the duration of standard therapy and (2) PAM+V combined with conventional
therapy would yield longer patient survival compared with
conventional therapy alone.

Methods
Patients
Participants (n = 239) constitute in full a consecutive case
series of all patients with non-small-cell lung cancer seen at
a Chinese medicine center (Pine Street Clinic, San Anselmo,
CA) during 1988-1993 who were also being treated at local
oncology centers with surgery, chemotherapy, and/or radiotherapy. In most cases, patients were seen in conjunction
with front-line chemotherapy. Patients were diagnosed by
physical examination, bronchoscopy, and imaging tests
such as X ray and CT scan. They were followed for 10 years
or until death or loss to follow-up. We continued in-person
visits and/or telephone follow-up for patients continuing at
Pine Street Clinic and telephone follow-up for those continuing at other CAM centers. Telephone follow-up for
patients following at other centers typically happened every
few months and was intended to maintain contact and
encourage continuation of therapy. Although we found that
this encouragement was beneficial in helping sustain treatment adherence, we did not design the study specifically to
study this effect. Those who neither continued at Pine
Street nor went to other CAM centers, and therefore for
whom no follow-up was possible, were considered lost to
follow-up.

Human Subjects Concerns
Prior to initiating this study, we received approval from
institutional review boards at the University of California at
Berkeley (protocol #2004-6-279), Kaiser Permanente
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Northern California (protocol #N-04LKush-01-H), the
State of California Health and Human Services Agency
(protocol #07-08-55), and the Pine Street Foundation
(Independent Review Consulting, Corte Madera, California;
protocol #EXE04-009-01).

Treatment Rationale
Our treatment design was informed by Chinese herbal strategies which alternate therapeutic phases of attack and
rebuilding. Treatment timing is divided into 3 parts, which
are chronotherapeutically aimed at complementing the
21-day front-line adjunctive chemotherapy strategy.
Day 1 of the chemotherapy cycle begins part I, which
continues through day 4. During these 2 days, the focus is
on enhancing circulation, thus enhancing the ability of chemotherapy drugs to circulate as widely as possible through
the body to reach tumor cells. Areas of the body that may
have suboptimal circulation, for example, where there is
tension or a history of surgery, scar tissue, or injuries, are
locations where circulation may be inhibited. We use various techniques such as imagery, visualization, exercise, and
Qi-Gong to improve circulation. It is also useful during part I
to get extra rest and avoid stress.
Days 5 through 10 are called part II, where chemotherapy
has killed both cancer cells and healthy cells, which need to
be removed. The goal here is to assist the body in reducing
lingering chemotherapy-related toxicities by discharging and
cleansing, so that these dead cells and remaining toxic chemotherapy metabolites will not be in the way during the next
round of therapy. Herbal and supplemental suggestions and
lifestyle recommendations around cleansing (home, projects,
and personal relationships) also are adapted to this time.
Days 11 through 20 constitute part III, in which the
patient is helped to rebuild and enhance the immune system
before the next cycle of chemotherapy. Blood counts, physiology, and stamina will begin to normalize, and side effects
usually recede. A person’s activities should also be adapted
to this, and emphasizing activities that help the individual
feel genuinely happy are a premium.
The strategy for patients whose conventional therapy
consisted of radiation was to include protocol items for
minimizing radiation side effects, minimizing antioxidant
therapies during the radiation phase, and resuming antioxidants after radiation. Acupuncture was made available on
an as-needed basis, but the primary treatment emphasis was
on the herbal/nutraceutical elements. The herbal medicine
portion of the PAM+V protocol was administered in the traditional Chinese method of giving patients dry herbs to take
home and decoct.

Diet
For all patients, we discussed diet, including basic cancer
patient nutrition advice with an emphasis on natural foods,

with recommendations to increase fiber and organic foods
and improve personal food preparation skills.

Exercise
We advised all patients on exercise, emphasizing basic walking, household and garden chores, and then, if possible,
yoga, jogging, gym activities, and training in yoga, Tai Ji,
or Qi-Gong.

Data Sources
Data on PAM+V-treated patients were obtained by chart
review from Pine Street Clinic (San Anselmo, CA).
Survival time in the PAM+V cohort was obtained directly
from patient records and/or confirmed by in-person or telephone follow-up with patients’ family members. PAM+V
was provided concurrently with chemotherapy/radiation
treatment (short-term use). After completion of chemotherapy/
radiation, we monitored whether or not the patients elected
to continue herbal/vitamin therapy (long-term use). Patients
who were lost to follow-up and for whom treatment adherence was, therefore, unknown were analyzed as part of the
long-term adherence group, following the intention-totreat principle.28 Additionally, short-term versus long-term
adherence was noted for both patients who after initial consultation here at Pine Street elected to continue at our center
and for those who followed up with other CAM centers.
Thus, each of these 2 variables was measured separately:
location (Pine Street or CAM) and duration (short term or
long term).
Data on concurrent external controls diagnosed during
the same time span as the Pine Street patients and matched
on cancer stage were obtained by database extraction from
the California Cancer Registry and Kaiser Permanente
Division of Research. As the enrollment period for the Pine
Street Clinic cohort began on November 1, 1988, and ended
on December 1, 1993, we selected cases from the Kaiser
Permanente and California Cancer Registry diagnosed
between those dates. For the case selection and exclusion
algorithm, see Table 1.
In Table 2 we report for each cohort the number of participants and their individual and treatment characteristics,
such as which conventional treatments they received. In
Table 3, we report PAM+V treatment dosage and timing. In
Table 4, we report ingredients of Chinese herbal formulas
used. The design principles for this whole-systems treatment approach have been described elsewhere.29

Stage
For external controls obtained from the California Cancer
Registry, the American Joint Committee on Cancer
(AJCC) staging system was used as the definition for cancer stage for lung cancer patients.30 For external controls
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Table 1. Case Selection and Exclusion Algorithm

Original data set
Excluded cases
Duplicate record
 Not analytic class
record
 Not San Francisco
Bay Area
 Not histologically
confirmed
 Died within 2 weeks
of diagnosis
Not malignant
Not NSCLC
 Not adenocarcinoma
or squamous
Unknown AJCC stage
In-situ or stage I cases
 Unknown date of
diagnosis
 Unknown date of
birth
 Unknown if treated
with surgery
 Unknown if treated
with chemotherapy
 Unknown if treated
with radiation
 Unknown whether
used CAM
 Unknown SEER
summary stage
 Stage could not be
determined
Final data set

Table 2. Patient Characteristics

PAM+V

CCR

KPNC

Totals

239

85,581

5,617

91,437

580
376

8
14

588
390

20,927

32

20,959

124

77

201

5,678

265

5,943

70
12,149
8,408

442
290

70
12,591
8,698

4

11,030
4,824
4,654

11,030
4,824
4,658

23

23

392

5

397

534

9

543

3,666

5

3,671

293

235

11,853

293
5

5

3,564

3,564

901

12,989

Abbreviations: PAM+V, Pan-Asian medicine + vitamins; CCR, California
Cancer Registry; KPNC, Kaiser Permanente Northern California;
NSCLC, non-small-cell lung cancer; AJCC, American Joint Committee on
Cancer; SEER, Surveillance, Epidemiology and End Results.

obtained from Kaiser Permanente Division of Research,
AJCC stage was not available for the study recruitment
years (1988-1993), so we used the Surveillance Epidemiology
and End Results (SEER) Program Comparative Staging
Guide for Cancer31,32 to manually build TNM staging from
data fields for tumor extension, node involvement, and
metastasis.

Analysis Methods
We planned to use traditional association models, KaplanMeier estimation33 and Cox proportional hazards regression34
as well as more modern methods—MSMs35 and propensity
score26—for causal inference.

PAM+V

CCR

KPNC

Total

Stage II (number of participants)
Median age (years)
Treated with surgery (%)
Treated with chemotherapy (%)
Treated with radiation (%)
Female (%)
Adenocarcinoma (%)
Squamous cell carcinoma (%)
White (%)
Black (%)
Asian (%)
Hispanic (%)

33
59
100
33
88
24
70
30
100
0
0
0

1202
68
70
11
47
39
51
48
87
8
5
0

89
66
83
5
53
45
58
42
74
15
6
6

1324
68
71
11
48
39
52
48
87
8
5
0

Stage IIIA (number of
participants)
Median age (years)
Treated with surgery (%)
Treated with chemotherapy (%)
Treated with radiation (%)
Female (%)
Adenocarcinoma (%)
Squamous cell carcinoma (%)
White (%)
Black (%)
Asian (%)
Hispanic (%)

75

2598

137

2810

62
20
96
24
21
69
31
96
1
3
0

68
31
23
73
40
48
52
89
6
4
0

65
32
15
77
39
53
47
69
15
8
8

67
31
25
72
39
48
51
89
6
4
0

Stage IIIB (number of participants)
Median age (years)
Treated with surgery (%)
Treated with chemotherapy (%)
Treated with radiation (%)
Female (%)
Adenocarcinoma (%)
Squamous cell carcinoma (%)
White (%)
Black (%)
Asian (%)
Hispanic (%)

84
61
0
99
0
21
70
30
96
4
0
0

1974
67
10
31
63
39
52
47
88
8
4
0

115
65
12
23
71
37
46
54
71
11
10
7

2173
67
10
33
61
38
53
47
87
8
4
0

Stage IV (number of participants)
Median age (years)
Treated with surgery (%)
Treated with chemotherapy (%)
Treated with radiation (%)
Female (%)
Adenocarcinoma (%)
Squamous cell carcinoma (%)
White (%)
Black (%)
Asian (%)
Hispanic (%)

43
61
0
100
0
30
79
21
95
2
2
0

6079
66
7
33
64
39
67
32
87
8
5
0

560
64
10
21
62
43
72
28
73
12
8
7

6682
66
7
33
64
40
68
32
86
9
5
1

Total number of participants

235

11 853

901

12 989

Abbreviations: PAM+V, Pan-Asian medicine + vitamins; CCR, California Cancer
Registry; KPNC, Kaiser Permanente Northern California.

Data Analysis
The primary end point was overall survival. Our primary
treatment variables of interest were herbal/vitamin therapy
(yes/no) and duration of herbal/vitamin therapy (long/
short); baseline covariates were stage (II, IIIA, IIIB, or IV),
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Table 3. PAM+V Protocol Timing Concurrent With Chemotherapy, 21-Day Cycle
Daily Dose
Thymus extract
N-acetyl cysteine
Siberian ginseng extract
Panax ginseng extract
Curcumin
Spirulina
Germanium sesquioxide
Co-enzyme Q-10
Garlic extract
Ginkgo biloba extract
Green tea beverage
Grapeseed extract
Antioxidant combo (Vitamins A, B-complex, B-12,
C, D, E, folic acid, selenium, and zinc)
Melatonin
Acidophilus
Chinese herbal formula
Fish oil
Shark or bovine cartilage

Part I, Days 1-3a

Part II, Days 4-8

Part III, Days 9-20







































100-500 mg
600-1800 mg
250-1000 mg
250-1000 mg
500-1000 mg
1-5 g
30-100 mg
90-150 mg
300-1200 mg
60-180 mg
1-5 cups
50-150 mg

3-20 mg
1-3 caps
(See Table 4)
3-10 g
300-1200 mg







Abbreviation: PAM+V, Pan-Asian medicine + vitamins.
a
Day 1 is defined as the day of chemotherapy infusion. Treatment continues with part III beyond conclusion of chemotherapy.

age at diagnosis, sex, race (white/black/Asian), smoking
history (ever/never), histology (adenocarcinoma/squamous),
and treatment with surgery, radiation, or chemotherapy
(yes/no). Time at risk was defined by dates of diagnosis and
death (month/year).
We analyzed data in 2 phases: (1) within Pine Street Clinic
by comparing patients maintaining long-term Chinese
herbal/vitamin therapy with those using only short-term
treatment and (2) comparing the Pine Street Clinic cohort
with external controls.
For traditional survival analysis, we used Cox proportional hazards regression,34 stratified by stage and adjusted
by all covariates, with the stcox program in the Stata statistical package (version 9.2; StataCorp, College Station, TX),
and Kaplan-Meier estimation with sts.
To investigate causal inference, we used the MSM
approach, in which the Cox proportional hazards model is
weighted by the inverse multivariate probability of each patient
having received treatment (Inverse Probability Treatment
Weighting [IPTW], stabilized). The IPTW balances treatment
groups with respect to their probability of having received
treatment using logistic regression with the same covariates
as our standard Cox regression. We used the bootstrap36
with 1000 repetitions for estimation of the CIs about the
HR. We wrote our own program for this analysis, using the
Stata statistical software and again stratified by stage.
We also used the propensity score for causal inference,
which estimates in a multivariate model the probability of
receiving treatment using a person’s individual disease and
treatment characteristics, applying the pscore Stata program37

and using the same set of covariates described above. The
resulting propensity score was divided into 5 or more levels
or strata, and the propensity score then used as a variable in
adjusted Cox regression was again stratified by stage.
Subclassification of patients into 5 or more levels of the propensity score has been shown to remove 90% of bias.38

Manuscript Preparation
In the drafting of our manuscript, we followed the Strength
ening The Reporting of Observational Studies in Epidemiology
(STROBE) guidelines.39

Results
Number of Patients
Survival time data suitable for analysis were obtained for
235 of 239 patients from Pine Street Clinic, 11 853 from
California Cancer Registry, and 901 from Kaiser (Table 1).

Comparing Long-term With
Short-term PAM+V Use
In adjusted Cox regression analysis, survival was significantly better for long-term versus short-term PAM+V in
stages IIIB (HR = 0.17; 95% CI = 0.08, 0.36) and IV
(HR = 0.28; 95% CI = 0.13, 0.60); there was a large but
statistically nonsignificant survival advantage in stages II
and IIIA (Table 5).
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Table 4. Chinese Herbal Formula Ingredients
Formula #1 Cultivate Earth to Nourish the Lungs
Core formula
黃芪
Huang Qi
Astraguli, Radix
黨參
Dang Shen
Codonopsis Pilos, Radix
白术
Bai Zhu
Atractylodis Macro, Rhiz
中甘草
Gan Cao
Glycyrrhizae Ural, Radix
茯苓
Fu Ling
Poria Cocos, Sclerotium
陳皮
Chen Pi
Citrus Ret, Pericarpium
杜仲
Du Zhong
Cortex Eucommiae
麦门冬
Mai Men Dong
Ophiopogonis, Radix
靈芝
Ling Zhi
Ganoderma
生牡蠣
Mu Li (Sheng)
Ostreae, Conchae
夏枯草
Xia Ku Cao
Prunellae vulgaris, Spica
白花蛇舌草 Bai Hua She She Cao Oldenlandiae, Herba
川貝母
Chuan Bei Mu
Fritillariae Cir, Bulbus
Additions based on symptoms
五味子
Wu Wei Zi
Schizandrae, Fructus
西歸片
Dang Gui
Angelica Sinensis, Radix
生地黃
Sheng Di Huang
Rehmanniae, Radix (Raw)
熟地黄
Shou Di Huang
Rehmannia, Radix (Steamed)
枸杞子
Gou Qi Zi
Fructus Lycium
菟丝子
Tu Si Zi
Cuscutae, Semen
女真子
Nu Zhen Zi
Ligustri Lucidi, Fructus
五加參
Wu Jia Shan
Eleutherococcus, Radix
海藻
Hai Zao
Sargassii, Herba
金銀花
Jin Yin Hua
Lonicerae Japonica, Flos
紫草根
Zi Cao Gen
Lithospermi Macro, Radix
連翹
Lian Qiao
Forsythia, Fructus
白茅根
Bai Mao Gen
Imperatae, Rhizoma
魚腥草
Yu Xing Cao
Houttuyniae, Herba will
王不流行
Wang Bu Liu Xing
Vaccariae, Semen
Formula #2 Break through qi Stagnation to Open the Lungs
黃芪
Huang Qi
Astraguli, Radix
西歸片
Dang Gui
Angelica Sinensis, Radix
枳殼
Zhi Ke
Citri Immaturis, Fructus
生薑
Sheng Jiang
Zingiberis, Rhizoma Recense
五味子
Wu Wei Zi
Schizandrae, Fructus
白花蛇舌草 Bai Hua She
She Cao Oldenlandiae, Herba
川貝母
Chuan Bei Mu
Fritillariae Cir, Bulbus
白术
Bai Zhu
Atractylodis Macro, Rhiz
柴胡
Chai Hu
Bupleuri, Radix
中甘草
Gan Cao
Glycyrrhizae Ural, Radix
補骨脂
Bu Gu Zhi
Psoraleae, Fructus
薏苡仁
Yi Yi Ren
Coicis, Semen
麦门冬
Mai Men Dong
Ophiopogonis, Radix
靈芝
Ling Zhi
Ganoderma
西洋参
Xi Yang Shen
Ginseng (American), Radix
Additions based on symptoms
黃芩
Huang Qin
Scutellariae Baicalensis, Radix
紅棗
Hong Za
Zyzyphus, Fructus (Red)
升麻
Sheng Ma
Cimicifugae, Rhizoma
法半夏
(Fa) Ban Xia
Pinelliae Ternatae, Rhizoma
王不流行
Wang Bu Liu Xing
Vaccariae, Semen

In adjusted propensity score analysis, survival was significantly better for long-term versus short-term PAM+V in
stages IIIB (HR = 0.17; 95% = CI 0.08, 0.36) and IV (HR =

Formula #3 Warm the Deficient Kidneys to Protect the Lungs
肉桂
Rou Gui
Cinnamomi Cassia, Cortex
黃芪
Huang Qi
Astraguli, Radix
白芍藥
Bai Shao
Paeonia Lactiflor, Radix
白术
Bai Zhu
Atractylodis Macro, Rhiz
中甘草
Gan Cao
Glycyrrhizae Ural, Radix
西歸片
Dang Gui
Angelica Sinensis, Radix
西洋参
Xi Yang Shen
Ginseng (American), Radix
茯苓
Fu Ling
Poria Cocos, Sclerotium
杏仁
Xing Ren
Pruni Armeniacae, Semen
知母
Zhi Mu
Anemarrhenae, Rhizoma
桑白皮
Sang Bai Pi
Mori Radicis, Cortex
薏苡仁
Yi Yi Ren
Coicis, Semen
天門冬
Tian Men Dong
Asparagi, Radix
麦门冬
Mai Men Dong
Ophiopogonis, Radix
白花蛇舌草 Bai Hua She She Cao Oldenlandiae, Herba
生三七
Sheng San Qi
Pseudoginseng, Radix
枇杷葉
Pi Pa Ye
Eriobotryae, Folium
Additions based on symptoms
熟地黄
Shou Di Huang
Rehmannia, Radix (Steamed)
川芎
Chuan Xiong
Ligustici Wallichii, Radix
瓜蔞仁
Gua Lou Ren
Trichosanthis, Semen
枳殼
Zhi Ke
Citri Immaturis, Fructus
桔梗
Jie Geng
Platycodi Grandi, Radix
何首烏
He Shou Wu
Polygonii Multiflor, Radicis
北沙參
Bei Sha Shen
Glehniae, Radix
紫首根
Zi Wei Gen
Campsis grandiflorae, Radix
天花粉
Tian Hua Fen
Trichosanthis, Radix
黑大棗
Da Zao
Zizyphus Jujubi, Fructus
魚腥草
Yu Xing Cao
Houttuyniae, Herba
白芥子
Bai Jie Zi
Sinapis Albae, Semen
菟丝子
Tu Si Zi
Cuscutae, Semen
板蘭根
Ban Lan Gen
Isatidis, Radix
阿膠
E Jiao
Asini, Gelatinum
Formula #4: Purge Damp Phlegm which Obstructs the Lungs
黃芪
Huang Qi
Astraguli, Radix
薏苡仁
Yi Yi Ren
Coicis, Semen
麻黃
Ma Huang
Ephedrae, Herba
中甘草
Gan Cao
Glycyrrhizae Ural, Radix
川貝母
Chuan Bei Mu
Fritillariae Cir, Bulbus
瓜蔞仁
Gua Lou Ren
Trichosanthis, Semen
陳皮
Chen Pi
Citrus, Pericarpium
麦门冬
Mai Men Dong
Ophiopogonis, Radix
百合
Bai He
Lilii, Bulbus
靈芝
Ling Zhi
Ganoderma
金銀花
Jin Yin Hua
Lonicerae Japonica, Flos
Additions based on symptoms
Armeniacae, Semen
杏仁
Xing Ren Pruni
桔梗
Jie Geng
Platycodi Grandi, Radix
魚腥草
Yu Xing Cao
Houttuyniae, Herba
蒲公英
Pu Gong Ying
Taraxaci, Herba cum Radi
北沙參
Bei Sha Shen
Glehniae, Radix

0.28; 95% CI = 0.12, 0.61); there was a modest but statistically nonsignificant survival advantage with long-term
PAM+V in stages II and IIIA (Table 5).
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Table 5. Lung Cancer Survival With Pan-Asian Medicine and Vitamin Therapya
Stage II
HR
PAM+V long- versus short-term
Number of patients (PAM+V long-term)
Number of patients (PAM+V short-term)
Cox regression, unadjusted
Cox regression, adjustedb
Propensity score Cox, unadjustedc
Propensity score Cox, adjustedb,c
MSM Cox regressiond

  22
  11
0.77
0.73
0.75
0.82
0.78

Long-term PAM+V versus CCR
Number of patients (PAM+V)
Number of patients (CCR)
Cox regression, unadjusted
Cox regression, adjustede
Propensity score Cox, unadjustedf
Propensity score Cox, adjustede,f
MSM Cox regressiong

  22
1202
0.74
1.00
0.91
0.92
0.92

Long-term PAM+V versus KPNC
Number of patients (PAM+V)
Number of patients (KPNC)
Cox regression, unadjusted
Cox regression, adjustede
Propensity score Cox, unadjustedf
Propensity score Cox, adjustede,f
MSM Cox regressiong

  22
  89
0.60*
0.56*
0.59
0.55
0.66

All PAM+V versus CCR
Number of patients (PAM+V)
Number of patients (CCR)
Cox regression, unadjusted
Cox regression, adjustede
Propensity score Cox, unadjustedf
Propensity score Cox, adjustede,f
MSM Cox regressiong

  33
1202
0.74
1.00
0.90
0.91
0.91

All PAM+V versus KPNC
Number of patients (PAM+V)
Number of patients (KPNC)
Cox regression, unadjusted
Cox regression, adjustede
Propensity score Cox, unadjustedf
Propensity score Cox, adjustede,f
MSM Cox regressiong

  33
  89
0.64
0.63
0.64
0.61
0.66

Stage IIIA
CI

HR

[0.36, 1.67]
[0.30, 1.79]
[0.30, 1.83]
[0.32, 2.11]
[0.39, 1.57]

  66
   9
0.82
0.49
0.85
0.50
0.82

[0.48, 1.12]
[0.64, 1.54]
[0.58, 1.42]
[0.59, 1.44]
[0.41, 1.43]

  66
2598
0.51***
0.49***
0.54***
0.51***
0.41***

[0.37, 0.97]
[0.32, 0.99]
[0.32, 1.08]
[0.30, 1.01]
[0.26, 1.05]

  66
137
0.39***
0.14***
0.21***
0.18***
0.40***

[0.48, 1.12]
[0.64, 1.54]
[0.58, 1.40]
[0.59, 1.42]
[0.47, 1.35]

  75
2598
0.51***
0.49***
0.53***
0.51***
0.42***

[0.40, 1.01]
[0.37, 1.06]
[0.37, 1.11]
[0.35, 1.07]
[0.30, 1.03]

  75
137
0.42***
0.27***
0.40***
0.29***
0.40***

Stage IIIB
CI

HR

[0.40, 1.69]
[0.21, 1.11]
[0.40, 1.81]
[0.22, 1.14]
[0.17, 3.96]

  71
  13
0.21***
0.17***
0.28***
0.17***
0.47

[0.40, 0.65]
[0.38, 0.63]
[0.41, 0.70]
[0.39, 0.67]
[0.28, 0.55]

  71
1974
0.38***
0.34***
0.38***
0.37***
0.44***

[0.29, 0.53]
[0.08, 0.25]
[0.10, 0.42]
[0.09, 0.35]
[0.30, 0.54]

  71
115
0.32***
0.23***
0.56*
0.52*
0.07***

[0.40, 0.66]
[0.38, 0.64]
[0.40, 0.70]h
[0.39, 0.67]
[0.28, 0.55]

  84
1974
0.38***
0.34***
0.38***
0.38***
0.43***

[0.31, 0.57]
[0.17, 0.43]
[0.25, 0.63]
[0.18, 0.46]
[0.30, 0.52]

  84
115
0.32***
0.26***
0.38***
0.34***
0.14***

Stage IV
CI

HR

CI

[0.11, 0.40]
[0.08, 0.36]
[0.14, 0.56]
[0.08, 0.36]
[0.09, 2.49]

  22
  21
0.32**
0.28***
0.29**
0.28**
0.26

[0.17, 0.62]
[0.13, 0.60]
[0.14, 0.61]
[0.12, 0.61]
[0.18, 3.83]

[0.30, 0.49]
[0.26, 0.44]
[0.28, 0.50]
[0.28, 0.50]
[0.31, 0.57]

  22
6079
0.33***
0.36***
0.31***
0.31***
0.29***

[0.22, 0.50]
[0.23, 0.54]
[0.20, 0.48]
[0.20, 0.48]
[0.20, 0.38]

[0.23, 0.44]
[0.13, 0.40]
[0.34, 0.94]
[0.31, 0.88]
[0.01, 0.65]

  22
560
0.26***
0.21***
0.09***
0.09***
0.10**

[0.17, 0.41]
[0.13, 0.34]
[0.04, 0.20]
[0.04, 0.21]
[0.01, 0.19]

[0.30, 0.48]
[0.26, 0.44]
[0.29, 0.51]
[0.28, 0.50]
[0.31, 0.56]

  43
6079
0.33***
0.36***
0.32***
0.31***
0.29***

[0.22, 0.50]
[0.24, 0.55]
[0.21, 0.49]
[0.20, 0.48]
[0.21, 0.38]

[0.24, 0.44]
[0.16, 0.40]
[0.22, 0.65]
[0.19, 0.59]
[0.07, 0.28]

  43
560
0.27***
0.25***
0.21***
0.22***
0.25**

[0.17, 0.42]
[0.16, 0.40]
[0.12, 0.37]
[0.12, 0.39]
[0.08, 0.41]

Abbreviations: PAM+V, Pan-Asian medicine+vitamins; HR, hazard ratio; CI, confidence interval; MSM, Marginal Structural Model; CCR, California Cancer Registry; KPNC, Kaiser
Permanente Northern California.
a
P < .05; **P < .01; ***P < .001.
b
Adjusted for age, sex, race, cell type, smoking, surgery, chemotherapy, and radiation.
c
Propensity score built using age, sex, race, cell type, and smoking and treatment with surgery, chemotherapy, and radiation.
d
MSM built using age, sex, race, cell type, and smoking and treatment with surgery, chemotherapy, and radiation.
e
Adjusted for age, sex, race, cell type, surgery, chemotherapy, and radiotherapy.
f
Propensity score built using age, sex, race, cell type, and treatment with surgery, chemotherapy, and radiation.
g
Marginal structural models built using age, sex, race, cell type, surgery, chemotherapy, and radiation.
h
PAM+V compared with CCR: stage IIIA unadjusted propensity score balanced with age, sex, surgery, and radiation.
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Figure 1. Survival in non-small-cell lung cancer, long-term versus short-term PAM+V and comparison with external controls

Abbreviations: PAM+V, Pan-Asian medicine + vitamins; PS, Pine Street Clinic; KPNC, Kaiser Permanente Northern California; CCR, California Cancer
Registry.

In MSM analysis, there was a large but nonsignificant
survival advantage to long-term versus short-term PAM+V
in all stages (Table 5).
With Kaplan-Meier analysis, survival was substantially
better for long-term versus short-term PAM+V in stages
IIIB and IV, comparable in stage II, and with a trend toward
improved survival in stage IIIA (Figure 1).

Comparing Long-term PAM+V-Treated
Patients With Concurrent External Controls
From the California Cancer Registry
In adjusted Cox regression, survival was significantly better for long-term PAM+V users versus California Cancer
Registry controls in stages IIIA (HR = 0.49; 95% CI = 0.38,
0.63), IIIB (HR = 0.34; 95% CI = 0.26, 0.44), and IV (HR =
0.36; 95% CI = 0.23, 0.54) and was comparable in stage II
(HR = 0.92; 95% CI = 0.41, 1.43; Table 5).
In adjusted propensity score analysis, survival was significantly better for long-term PAM+V users versus registry controls in stages IIIA (HR = 0.51; 95% CI = 0.39, 0.67),
IIIB (HR = 0.37; 95% CI = 0.28, 0.50) and IV (HR = 0.31;

95% CI = 0.20, 0.48), and there was a nonsignificant trend
toward better survival in stage II (Table 5; HR = 0.92; 95%
CI = 0.59, 1.44).
In MSM analysis, survival was significantly better for
long-term PAM+V users versus registry controls in stage
IIIA (HR = 0.41; 95% CI = 0.28, 0.55), stage IIIB (HR =
0.44; 95% CI = 0.31, 0.57), and stage IV (HR = 0.29; 95%
CI = 0.20, 0.38), and there was a nonsignificant trend
toward better survival in stage II (Table 5; HR = 0.92; 95%
CI = 0.41, 1.43).
In Kaplan-Meier analysis, in all stages, long-term PAM+V
combined with conventional therapy yielded longer survival compared with conventional therapy alone in registry
controls (Figure 1).

Comparing Long-term PAM+V-Treated
Patients With Concurrent External Controls
From Kaiser Permanente
In adjusted Cox regression, survival was significantly better for long-term PAM+V users versus Kaiser controls in all
stages of lung cancer: stage II (HR = 0.56; 95% CI = 0.32,
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0.99), stage IIIA (HR = 0.14; 95% CI = 0.08, 0.25), stage
IIIB (HR = 0.23; 95% CI = 0.13, 0.40), and stage IV (HR =
0.21; 95% CI = 0.13, 0.34; Table 5).
In adjusted propensity score analysis, survival was significantly better for long-term PAM+V users versus Kaiser
controls in stages IIIA (HR = 0.18; 95% CI = 0.09, 0.35),
IIIB (HR = 0.52; 95% CI = 0.31, 0.88), and stage IV (HR =
0.09; 95% CI = 0.04, 0.21), and there was a small but nonsignificant trend toward better survival in stage II (HR =
092; 95% CI = 0.59, 1.44; Table 5).
In MSM analysis, survival was significantly better for
long-term PAM+V users versus Kaiser controls in stages
IIIA (HR = 0.40; 95% CI = 0.30, 0.54), stage IIIB (HR =
0.07; 95% CI = 0.01, 0.65), and stage IV (HR = 0.10; 95%
CI = 0.01, 0.19), and there was a large but nonsignificant
survival advantage in stage II (HR = 0.66; 95% CI = 0.26,
1.05; Table 5).
In Kaplan-Meier analysis, in all stages, long-term PAM+V
combined with conventional therapy yielded longer survival compared with conventional therapy alone in Kaiser
controls (Figure 1).

Comparing All PAM+V Users With
Concurrent External Controls From the
California Cancer Registry
In adjusted Cox regression, survival was significantly better for long-term PAM+V users versus California Cancer
Registry controls in stages IIIA (HR = 0.49; 95% CI = 0.38,
0.64), IIIB (HR = 0.34; 95% CI = 0.26, 0.44), and IV (HR =
0.36; 95% CI = 0.24, 0.55) and was comparable in stage II
(HR = 1.00; 95% CI = 0.64, 1.54; Table 5).
In adjusted propensity score analysis, survival was significantly better for long-term PAM+V users versus registry controls in stages IIIA (HR = 0.51; 95% CI = 0.39, 0.67),
IIIB (HR = 0.37; 95% CI = 0.28, 0.50), and IV (HR = 0.31;
95% CI = 0.20, 0.48), and survival was comparable in stage
II (HR = 0.91; 95% CI = 0.59, 1.42; Table 5).
In MSM analysis, survival was significantly better for
long-term PAM+V users versus registry controls in stage
IIIA (HR = 0.42; 95% CI = 0.28, 0.55), stage IIIB (HR =
0.43; 95% CI = 0.31, 0.56), and stage IV (HR = 0.29; 95%
CI = 0.21, 0.38), and there was a small and statistically nonsignificant trend toward better survival in stage II (HR =
0.91; 95% CI = 0.47, 1.35; Table 5).

Comparing All PAM+V-Treated Patients
With Concurrent External Controls From
Kaiser Permanente
In adjusted Cox regression, survival was significantly better for long-term PAM+V users versus Kaiser controls in

stage IIIA (HR = 0.27; 95% CI = 0.17, 0.43), IIIB (HR =
0.26; 95% CI = 0.16, 0.40), and IV (HR = 0.25; 95% CI =
0.16, 0.40; Table 5).
In adjusted propensity score analysis, survival was significantly better for all PAM+V users analyzed together versus Kaiser controls in stage IIIA (HR = 0.29; 95% CI = 0.18,
0.46), stage IIIB (HR = 0.34; 95% CI = 0.19, 0.59), and
stage IV (HR = 0.22; 95% CI = 0.12, 0.39), and there was a
strong but statistically nonsignificant effect of better survival in stage II (HR = 0.61; 95% CI = 0.35, 1.07; Table 5).
In MSM analysis, survival was significantly better for
long-term PAM+V users versus Kaiser controls in stage
IIIA (HR = 0.40; 95% CI = 0.30, 0.52), stage IIIB (HR =
0.14; 95% CI = 0.07, 0.28), and stage IV (HR = 0.25; 95%
CI = 0.08, 0.41), and there was a large but nonsignificant
survival advantage in stage II (HR = 0.66; 95% CI = 0.30,
1.03; Table 5).

Comparing Combinations of PAM+V With
Chemotherapy, Surgery, and Radiotherapy
Figure 2 compares Kaplan-Meier survival curves between
patients who received PAM+V combined with surgery,
PAM+V alone, surgery alone, or neither PAM+V nor surgery stratified by cancer stage and using California Cancer
Registry controls. Figure 3 reports all combinations of PAM+V
and chemotherapy and Figure 4 all combinations of PAM+V
and radiotherapy. Virtually all analyses showed a dose–
response effect, with longest survival seen with the full
treatment combination of PAM+V with conventional therapy and the least favorable survival response in patients
receiving neither treatment, with PAM+V alone or standard
therapy alone in the middle (Figures 2 to 4).

Distinguishing the Effect of
Treatment From Location of Follow-up
We were also interested in whether there was a “center
effect”—that is, survival differences between people continuing long-term PAM+V at Pine Street Clinic and those
continuing at other CAM centers. In Kaplan-Meier analysis, we found no apparent difference in survival, with 1
exception of better survival in stage-IV patients continuing
at other CAM centers, although this represents only 4 of 43
stage-IV patients (Figure 5).

CAM Therapy in External Controls
We were fortunate to identify some records within the
California Cancer Registry in which clinicians had documented patients’ use of CAM therapies (coded in the parlance of the time as “unproven therapies”) and compared
survival with long-term and short-term practitioner-guided
PAM+V with those of CAM users from the registry database.
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Figure 2. Lung cancer survival, showing all possible treatment combinations of PAM+V and surgery, using California Cancer Registry
patients as external controls
Abbreviation: PAM+V, Pan-Asian medicine + vitamins.

In Kaplan-Meier analysis, in stages II, IIIA, IIIB, and IV
lung cancer, there was longer survival with long-term
practitioner-guided PAM+V therapy compared with CAM
use in the general population (Figure 6). In patients with
stages IIIA, IIIB, and IV cancer, there was no difference in
survival between short-term PAM+V users within the Pine
Street cohort and CAM users in the general population,
further reinforcing the benefit of long-term maintenance of
adjunctive complementary therapies (although these findings on CAM use in the general population are prone to
error because of misclassification bias arising from the way
in which CAM use data were gathered by the California
Cancer Registry (Figure 6).

Validity of External Controls
To confirm the validity of external controls, we compared
survival rates from our analysis among California Cancer
Registry and Kaiser controls with those reported by other
authors also using SEER data and found that they were
comparable (Table 6). For example, in stage IIIB and IV
patients treated with chemotherapy, median survival in

California Cancer Registry controls was 6.9 months and in
Kaiser controls 6.1 months, compared with 6.8 months in
other studies also using SEER data during the same time
period.40

Crude Survival Rates: Stage II
Survival at 1 year was 95% in the long-term PAM+V
group, 100% in the short-term PAM+V group, 64% in the
Kaiser controls, and 67% in California Cancer Registry
controls. Survival at 2 years was 93% in the long-term
PAM+V group, 70% in the short-term PAM+V group, 50%
in Kaiser controls, and 47% in California Cancer Registry
controls. Survival at 5 years was 36% in both long-term and
short-term PAM+V groups, 13% in Kaiser controls, and
22% in California Cancer Registry controls (Table 7).

Crude Survival Rates: Stage IIIA
Survival at 1 year was 93% in the long-term PAM+V
group, 70% in the short-term PAM+V group, 50% in
Kaiser controls, and 47% in California Cancer Registry
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Figure 3. Lung cancer survival, showing all possible treatment combinations of PAM+V and chemotherapy, using California Cancer
Registry patients as external controls
Abbreviation: PAM+V, Pan-Asian medicine + vitamins.

controls. Survival at 2 years was 83% in the long-term
PAM+V group, 44% in the short-term PAM+V group, 23%
in Kaiser controls and 25% in California Cancer Registry
controls. Survival at 5 years was 32% in the long-term
PAM+V group, 22% in the short-term PAM+V group, 8%
in Kaiser controls, and 11% in California Cancer Registry
controls (Table 7).

controls. Survival at 2 years was 60% in the long-term
PAM+V group, 10% in the short-term PAM+V group, 4%
in Kaiser controls, and 6% in California Cancer Registry
controls. Survival at 5 years was 14% in the long-term
PAM+V group, 5% in the short-term PAM+V group, 1% in
Kaiser controls, and 2% in California Cancer Registry controls (Table 7).

Crude Survival Rates: Stage IIIB

Discussion
Principal Findings

Survival at 1 year was 89% in the long-term PAM+V group,
23% in the short-term PAM+V group, 34% in Kaiser controls, and 29% in California Cancer Registry controls.
Survival at 2 years was 72% in the long-term PAM+V group,
15% in the short-term PAM+V group, 11% in Kaiser controls, and 12% in California Cancer Registry controls.
Survival at 5 years was 24% in the long-term PAM+V group,
0% in the short-term PAM+V group, 5% in Kaiser controls,
and 4% in California Cancer Registry controls (Table 7).

Crude Survival Rates: Stage IV
Survival at 1 year was 82% in the long-term PAM+V
group, 24% in the short-term PAM+V group, 16% in
Kaiser controls, and 17% in California Cancer Registry

In our retrospective survival analysis for non-small-cell
lung cancer, we found a substantial and statistically significant survival advantage to combining PAM+V with conventional therapy compared with treatment with
conventional therapy alone; this was strongest in advanced
lung cancer—stages IIIA, IIIB, and IV. We also found significant benefits of long-term PAM+V use compared with
short-term use discontinued after adjuvant chemotherapy
and radiotherapy. MSM and propensity score analyses
found results usually consistent with multivariate Cox
regression analysis. Propensity score analysis had a stronger ability to detect a survival benefit, particularly in subanalyses with small sample sizes.
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Figure 4. Lung cancer survival, showing all possible treatment combinations of PAM+V and radiotherapy, using California Cancer
Registry patients as external controls
Abbreviation: PAM+V, Pan-Asian medicine + vitamins.

Strengths of the Study
To our knowledge, this is the first use of causal inference
using the MSM approach in cancer survival or in any CAM
therapy. It is also the first use of the propensity score in any
Chinese herbal therapy.
We intentionally used specific herbal and vitamin products commonly available in the commercial markets and
free of proprietary constraints. In this way, we hoped to
maximize the accessibility and applicability of our treatment approach for clinicians and researchers.
We found consistency between the different multivariate
analyses methods used: traditional Cox regression, MSM
Cox regression, and propensity score Cox regression.
Propensity score analysis was best able to detect a survival
advantage, followed by MSMs.
Lead time (the delay between diagnosis and initiation of
PAM+V treatment) averaged between 22 days and 28 days.
This is comparable with what is known about delays in
delivery of care to those with lung cancer in conventional
oncology practice: delays attributable to the patient average
18 days, and delays attributable to the health system average 62 days.44 To strengthen our inference, we conducted a
sensitivity analysis in which we dropped all PAM+V-treated

patients with lead time greater than 60 days. We also conducted a conservative analysis where we excluded all
KPNC external controls who survived for less than 60 days.
In both these sensitivity analyses, we found differences of
only a few percentage points in the HRs, which did not
change our inferences.
Patients’ use of imagery, visualization, exercise, and
Qi-Gong was an integral part of the treatment design, and
they were encouraged to learn and practice these approaches
as much as possible; these are the kinds of approaches studied in whole systems research, where the emphasis is on the
net effect of the holistic protocol design. Teasing apart the
relative efficacy of each individual PAM+V component
could be pursued in a future prospective study designed to
answer this question. Holistic protocols like PAM+V can
also be studied using an approach called pragmatic trials,
which evaluate a therapy as it is used in normal practice (as
compared with the more fixed and constrained approach
used in most clinical trials).45

Limitations of the Study
These are observational data, retrospectively gathered from
medical records and cancer registry databases. There may
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Figure 5. Survival in non-small-cell lung cancer, comparing TCM patients initially treated at PSC with those followed up at other CAM
centers
Abbreviations: PSC, Pine Street Clinic; CAM, complementary and alternative medicine.

have been unmeasured differences between patients choosing PAM+V versus those who did not, which could have
additionally contributed to differences in survival. We did
not have data that would allow us to control for possible
confounding by socioeconomic status, which is associated
with increased use of CAM,46 better access to conventional
cancer therapy,47 and increased cancer survival.48
In the California Cancer Registry and Kaiser, we did not
have available data on smoking, which is an important
prognostic factor in lung cancer survival. Although some
studies have shown that smoking history confers less favorable survival in people diagnosed with lung cancer,49,50 others have shown no significant differences in survival,51
particularly in people with advanced disease.52 We did,
however, have smoking history data available for those in
the PAM+V cohort. This allowed us to include smoking as
a variable in all our multivariate survival analyses comparing long-term versus short-term PAM+V treatment.
We did not have prospectively gathered data available
for analysis and were therefore unable to account for timedependent confounding, which is often present in longitudinal studies and capably handled by MSM analysis. Early

papers on the MSMs stated the assumption of no unobserved confounders, although this assumption is unverifiable and has recently been called into question.53,54
We did not have data on CAM use by external controls
in the Kaiser data. Nevertheless, even if the proportion of
CAM use among Kaiser members was as high as the 26% to
30% reported in the literature,55 we anticipate that this
would have biased our results toward the null and that the
true survival benefit of PAM+V use may even be stronger
than we estimated. To strengthen our inference, we also
conducted a conservative analysis where we excluded all
KPNC external controls who survived less than 2 months
and found only a difference in the HR of a few percentage
points (which caused no change in our inference).
The existing and newly developed conventional therapies for lung cancer, which were in use during the time span
of data collection for this study, are known to have significant toxicities.56-58 Enhancing patient compliance with and
tolerance of conventional therapies is an often-reported
goal of many CAM treatment programs. We did not include
that outcome as a part of the current study. Nevertheless, we
are starting to see outcomes data on the contributions of
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Figure 6. Survival in non-small-cell lung cancer, comparing patients treated with long-term and short-term PAM+V with CAM users
and nonusers from within the CCR database
Abbreviations: PAM+V, Pan-Asian medicine + vitamins; CCR, California Cancer Registry; CAM, complementary and alternative medicine.

Table 6. Absolute Survival Rates for Examining the Validity of External Controls
Stage

Mortality
Statistic

II

Median survival

IIIA

5-Year survival

IIIB and IV
IIIB and IV

Median survival
Median survival

Subpopulation
Unresected, treated with
radiation
Surgically resected, age <79
years
Treated with chemotherapy
Treated with chemotherapy

Our Analysis:
CCR

Our Analysis:
KPNC

Reference
Comparison

13.3 Months

10.5 Months

14 Months

23%

17%

6.9 Months
6.9 Months

6.1 Months
6.1 Months

24%
6.8 Months
6.8 Months

Data Source
SEER41
SEER42
SEER40
Phase III trial43

Abbreviations: CCR, California Cancer Registry; KPNC, Kaiser Permanente Northern California; SEER, Surveillance, Epidemiology and End Results,
a program established in 1973 by the National Cancer Institute that collects information on cancer incidence, prevalence and survival from specific
geographic areas representing 26% of the US population.

Chinese herbal therapy to chemotherapy compliance in a
meta-analysis we are currently conducting.

Causal Inference Methods
Used in Our Study
This study uses 2 newer analysis methods for what is called
causal inference: the propensity score and the MSM. Causal

inference attempts to look more closely into the data being
analyzed to uncover causal relationships. This is not always
possible with traditional statistical methods, which can usually conclude only that the observed association between
2 variables is not a result of chance and cannot identify
which variable causes the other.
Both the propensity score and MSM methods begin by
using multivariable analysis to identify for each individual
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Table 7. Survival Rates at 1, 2, and 5 Years

Stage II
1 Year
2 Year
5 Year
Stage IIIA
1 Year
2 Year
5 Year
Stage IIIB
1 Year
2 Year
5 Year
Stage IV
1 Year
2 Year
5 Year

Long-term
PAM+V

Short-term
PAM+V

Kaiser
Permanente

California
Cancer
Registry

95%
77%
36%

100%
82%
36%

64%
37%
13%

67%
44%
22%

93%
83%
32%

70%
44%
22%

50%
23%
8%

47%
25%
11%

89%
72%
24%

23%
15%
  0%

34%
11%
5%

29%
12%
4%

82%
60%
14%

24%
10%
  5%

16%
4%
1%

17%
6%
2%

in the study, based on their personal and treatment history,
that that individual chose one treatment or another. The propensity score and MSM estimate that score with similar but
slightly different statistical approaches. The propensity
score is used as a variable in the Cox regression. The MSM
is similarly used to weight the Cox regression.
In practice, both methods of causal inference will balance the treatment groups, so that patients in each group are
comparable with respect to confounding variables. The primary practical difference between the MSM and propensity
score methods is that the MSM can adequately handle the
effects of treatment variables that vary over time, based on
the outcomes of treatment. In the case of our study, however, this difference is not relevant because our study was of
the point treatment design, where variables are measured
only at baseline.

Possible Mechanisms
The design of the treatment protocol used in this study was
based on treatment strategies from traditional Chinese
medicine, combining a large number of different herbal and
vitamin substances into 1 integrated treatment strategy. The
timing for each protocol item described below is listed in
Table 3.
Several plausible mechanisms for these findings may be
considered, based on what is known about the specific components of this combination treatment approach with respect
to various effects.
General cancer cell cycle effects. Green tea has been shown
to reduce the risk of lung cancer in several case control
studies,59 notably in smokers.60 N-acetyl cysteine inhibits

tumor growth61-63 and metastasis.64 Curcumin is extracted
from the culinary spice turmeric (Curcuma longa) and
inhibits cell invasion and metastasis,65 inhibits NF-κB and
COX-2 in human non-small-cell lung cancer cells,66 and has
antiproliferative67 and apoptosis-stimulating functions.68
Garlic stimulates apoptosis in non-small-cell lung cancer
cells.69 Fish oil possesses anti-inflammatory and antitumor
activity.
Chemotherapy-related effects. Green tea enhances the
antitumor efficacy of anthracycline, cisplatin, and irinotecan chemotherapy.70 Green tea also contains the polyphenol
epigallocatechin-3-gallate, which inhibits telomerase and
induces apoptosis in drug-resistant lung cancer cells.71
Reduction of chemotherapy toxicity and side effects. The green
tea plant contains l-theanine, which has neuroprotective72
and cognition-enhancing properties.73 N-acetyl cysteine is a
liver protective antioxidant74-76 that reduces chemotherapy
toxicity.77-79 Co-enzyme Q-10 prevents chemotherapyrelated cardiotoxicity.80 Lactobacillus reduces the frequency of severe diarrhea and abdominal discomfort from
chemotherapy.81
Reduction of radiation toxicity and side effects. Components found within the ginseng root protect against DNA
damage from radiation exposure,82 potentiate the therapeutic effect of radiation on lung cancer cells,83 and reduce
radiation-induced enteritis.84 Cordyceps protects against
radiation-induced bone marrow and intestinal injuries,85
accelerates leukocyte recovery, stimulates immune lymphocyte proliferation, and improves animal survival after
radiation exposure.86 The Chinese herbal medicines Radix
angelicae and Radix paeoniae protect intestinal cells from
irradiation-induced damage.87 Furthermore, Radix angelicae inhibits radiation-induced pulmonary fibrosis, with the
mechanism being downregulation of proinflammatory
cytokine expression.88 Radix atractylodes and Poria cocos
reduce radiation injury to healthy cells.89 Radix rehmannia
and Radix ligustici reduced radiation pneumonitis in a
study of 46 individuals with non-small-cell lung cancer
(incidence of radiation pneumonitis was 26% in controls
and 10% in the herbal group).90 Gingko biloba and Panax
ginseng protect against radiation-induced lethality, lipid
peroxidation, and DNA damage.82 Docosahexaenoic acid,
an n-3 polyunsaturated fatty acid found in fish oil, in combination with radiation significantly increased oxidative
stress and cell death in a lung cancer cell line when compared with either treatment alone.91 It accomplishes this by
increasing heme oxygenase levels in lung endothelial and
fibroblast cells and by blocking radiation-induced reactive
oxygen species. Curcumin, an active component of the
curry seasoning turmeric, reduced radiation-induced pulmonary fibrosis in mice and increased their survival, without reducing the tumor cell kill rate of radiation therapy.92
Caffeic acid phenylethyl ester, a component of propolis,
reduced radiation-induced lung injury in a rat model through
its antioxidant effect.93 Vitamin E provided immediately
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after radiation therapy in a rat model protected against
radiation-induced pulmonary fibrosis.94 Melatonin reduces
radiation-induced oxidative organ damage in rats by increasing malondialdehyde levels, myeloperoxidase activity, and
glutathione levels.95
More general systemic effects such as immune system
modulation. N-acetyl cysteine enhances the functionality
of peripheral blood mononuclear cells.96 Thymic protein
is obtained from a cloned cell line of thymic epithelial origin and induces T-cell maturation.97 In lung cancer patients,
fish oil increases appetite and body weight, reduces
fatigue, improves muscle strength and lowers C-reactive
protein levels.98 Melatonin is a sleep-regulating hormone
shown to improve survival99,100 and tumor response101 in
lung cancer patients when combined with conventional
therapies.
An immune-enhancing Chinese herbal formula was also
used, which combines herbal medicines traditionally recognized as tonifying blood yin (nourishes bone marrow), tonifying Spleen yin/qi (boosts cellular immunity), harmonizing
Liver qi (balances liver detoxification pathways), and tonifying Kidney yang (improves dispositional optimism). The
ingredients are shown in Table 3.

Summary and Future Directions
Although previous work has examined the survival benefit
of Chinese herbal therapies in combination with standard
chemotherapy for lung cancer,13 there is little available
evidence for whole-systems combination CAM therapies.
In this retrospective survival analysis comparing patients
treated with long-term versus short-term PAM+V therapy,
there was a substantial, statistically significant, survival
advantage in stages IIIA, IIIB, and IV and a modest but
nonsignificant advantage in stage II. PAM+V combined
with standard therapy, compared with standard therapy
alone, achieved significantly better survival in stages IIIA,
IIIB, and IV disease and conferred a modest but nonsignificant advantage in stage II; these results were stronger
when comparing long-term users of PAM+V with external
controls.
It is important to emphasize in both analyses that the survival advantages reflect the benefit of using PAM+V combined with, rather than instead of, conventional therapy.
Our results suggest that prospective trials for advanced nonsmall-cell lung cancer patients using PAM+V and vitamin
therapy, in a whole-systems approach combined with conventional therapies, are justified.
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