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Abstract

Although localized colon cancer is often successfully treated with surgery, advanced disease requires aggressive systemic
therapy that has lower effectiveness. Approximately 30% to 75% of patients with colon cancer use complementary and
alternative medicine (CAM), but there is limited formal evidence of survival efficacy. In a consecutive case series with
10-year follow-up of all colon cancer patients (n = 193) presenting at a San Francisco Bay-Area center for Chinese medicine
(Pine Street Clinic, San Anselmo, CA), the authors compared survival in patients choosing short-term treatment lasting the
duration of chemotherapy/radiotherapy with those continuing long-term. To put these data into the context of treatment
responses seen in conventional medical practice, they also compared survival with Pan-Asian medicine + vitamins (PAM+V)
with that of concurrent external controls from Kaiser Permanente Northern California and California Cancer Registries.
Kaplan-Meier, traditional Cox regression, and more modern methods were used for causal inference—namely, propensity
score and marginal structural models (MSMs), which have not been used before in studies of cancer survival and Chinese
herbal medicine. PAM+V combined with conventional therapy, compared with chentional therapy alone, reduced the
risk of death in stage | by 95%, stage Il by 64%, stage Ill by 29%, and stage IV by 75%. There was no significant difference
between short-term and long-term PAM+V. Combining PAM+V with conventional therapy improved survival, compared
with conventional therapy alone, suggesting that prospective trials combining PAM+V with conventional therapy are
justified.
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Surgical resection is essential. Examining at least 12
adjacent draining lymph nodes in addition to the primary
pathological specimen allows the most accurate staging and
defines the need for adjunctive therapy.® Adjuvant radiation
therapy is restricted to treatment of advanced tumors located
in retroperitoneal portions of the colon and for neoadjuvant
and adjuvant treatment of rectal carcinomas.” Although
three quarters of patients present when all gross tumor can
be surgically removed, there is still a high risk that patients
will die of metastatic disease.

5-fluorouracil (5-FU) has been used since 1957 in adju-
vant treatment and in metastatic disease. Augmenting
5-FU’s efficacy with leucovorin led to widespread use of
the Mayo Clinic and Roswell Park regimens for adjuvant
therapy in the 1990s.® Despite a decade of advances in
screening and treatment, there was no apparent improve-
ment in survival in the United States between 1986 and
1997,” the period when patients for this 10-year follow-up
study were initially treated. At that time, median survival in
patients with metastatic disease following 5-FU/leucovorin
combination chemotherapy was 11 months, compared with
5 months with best supportive care.®

Delivering 5-FU by outpatient continuous infusion pumps
and combining it with other agents led to the first improve-
ments over standard delivery by bolus injection, yielding
higher response rates and prolonged survival. The topoisom-
erase inhibitor, irinotecan, and the third-generation platinum
agent, oxaliplatin, improved responses when added to 5-FU/
leucovorin in the metastatic setting.”'> Oxaliplatin and 5-FU/
leucovorin in various FOLFOX regimens improved response
rates and survival when compared with 5-FU/leucovorin
alone.”® For patients with metastatic disease, sequencing
FOLFOX with the irinotecan-based FOLFIRI regimen now
provides potent chemotherapeutic options and prolongs sur-
vival compared with 5-FU alone.'*"* The oral 5-FU prodrug,
capecitabine, further expanded choice of chemotherapy for
colorectal carcinoma, also in combination with either irino-
tecan or oxaliplatin.'® Monoclonal antibodies, including
bevacizumab, targeting circulating vascular endothelial growth
factor, and cetuximab, directed against the epithelial growth
factor receptor,'”'® are now providing benefits not available
when patients for this 10-year follow-up study were initially
treated.

Randomized trials from China suggest that Chinese herbal
therapies combined with chemotherapy reduce nausea'® and
improve survival rates in colon cancer metastatic to the
liver,” compared with chemotherapy alone.

Randomized Controlled
Trials in CAM Therapies

Randomized controlled trials are considered the gold stan-
dard in clinical trials; however, they are seldom desirable to

patients; less than 5% of cancer patients participate in tri-
als.”! The success of recruitment in CAM trials is a little-
understood question.”” Herbal medicines are used by 30%
to 75% of colon cancer patients, > and the ubiquitous
availability of CAM therapies may substantially reduce the
acceptability of enrolling in randomized CAM trials for
cancer patients. Study designs exist that can be used as alter-
natives to randomized trials.*®

Biases such as selection bias and confounding can be
reduced in observational studies by using the marginal
structural models (MSMs)*"* and propensity score®' 2
methods, which make treatment groups comparable based
on the probability of having been treated given individual
characteristics and can thus be thought of as standardization
tools.” In nonrandomized data, this method can provide
results comparable to randomized trials.***® The MSM
method has not been used in studies of cancer survival®’ or
Chinese herbal medicine, and the propensity score has not
been used in Chinese herbal medicine studies.

Objectives

We conducted this retrospective study to examine whether
Pan-Asian medicine + vitamins (PAM+V) therapy can
improve survival of patients with colon cancer. Our
hypotheses were that (A) long-term use of PAM+V would
lead to longer survival than short-term use lasting only
for the duration of chemotherapy/radiotherapy; and
(B) PAM+V combined with conventional therapy would
improve survival, compared to conventional therapy alone.
We followed the reporting guidelines “Strengthening the
Reporting of Observational Studies in Epidemiology
(STROBE).*

Methods
Patients

The participants (n = 193) in this cohort were a consecutive
case series of all patients with colon cancer seen at a clinic
of Chinese medicine (Pine Street Clinic, San Anselmo, CA)
during 1987-1992, who were also being treated at local
hospitals by medical, surgical, and/or radiation oncologists.
We followed patients for 10 years or until death or loss to
follow-up. After establishing the treatment protocols, we
continued in-person and/or telephone follow-up for patients
who maintained care 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
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the study specifically to study this effect. Those who nei-
ther continued at Pine Street nor went to other CAM cen-
ters, and therefore for which no follow-up was possible,
were considered lost to follow-up.

Treatment Rationale

The protocol was designed based on Chinese herbal strate-
gies that guide the body through alternating cycles of attack
and rebuilding. The treatment calendar is divided into
3 parts chronotherapeutically timed to complement the
front-line adjunctive chemotherapy strategy.

Part I is defined as day 1 through 3 of the chemotherapy
cycle. The essential effort during these 2 days is to enhance
circulation because effectiveness of chemotherapy drugs
depends on circulation to carry them throughout the body to
reach target cells. If there are areas of the body that, for
whatever reason, have less-than-optimal circulation, then,
these areas may be underserved by the chemotherapy. For
example, areas of the body where there have been previous
surgeries, scar tissue, or other injuries are all places where
blood circulation may be inhibited. In addition, areas of the
body that hold tension are also areas where circulation may
be especially poor. The goal in part I, then, is to use various
techniques such as imagery, visualization, exercise, and
Qi-Gong to improve circulation. Part I is a time to be rest-
ful, low key, and avoid stress.

Part II is defined as days 4 through 7. At this time, the
chemotherapy has been successful in killing numerous
cells, both cancer cells and healthy cells. These dead cells
then need to be removed; however, the amount of dead cells
that accumulate can often exceed the body’s natural ability
to purge them from the system, which contributes to linger-
ing chemotherapy-related toxicities. The main goal of part
II, therefore, is to assist the body in discharging and cleans-
ing, so that these dead cells and remaining toxic chemo-
therapy metabolites will not be in the way during the next
round of therapy. In the herbal and supplemental sugges-
tions, dosages and timing shift to adjust to this new part as
well. Cleansing can also be figurative as well: cleaning out
closets, completing projects, and resolving personal and
business issues and relationships.

Part III is defined as days 8 through 30, before the start
of the next cycle of chemotherapy. During this time the
blood counts will start to come up, the physiology will
begin to normalize, side effects begin to lessen, and energy
starts to return. The goal at this time is to strengthen and
enhance the immune system. Everything a person does
should begin to reflect this, and engaging in activities that
help them feel good and genuinely happy should have high
priority at this time. When chemotherapy was provided on
a weekly schedule, we divided the protocol into 2 parts: part
I being days 1 to 3 and part II being days 4 to 7.

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 antioxi-
dants 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 tra-
ditional Chinese method of giving patients dry herbs to take
home and decoct.

Diet

For all patients, diet was discussed, including general nutri-
tion advice (a natural foods variation of standard cancer
patient dietary advice), with recommendations for increased
fiber consumption, consumption of organic natural foods
when possible, and an emphasis on personal food prepara-
tion when possible.

Exercise

All patients received exercise recommendations, beginning
with minimal walking, household and garden chores, and
then, where possible, proceeding to moderate exercise, includ-
ing yoga, jogging, healthclub activities, and formal classes
in yoga, Tai Ji, or Qi-Gong.

Human Subjects Concerns

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

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 tele-
phone follow-up with patients’ family members. Chinese
herbal medicine and vitamins were provided concurrently
with chemotherapy/radiation treatment (short-term use).
After completion of chemotherapy/radiation, we monitored
whether or not the patients continued herbal/vitamin ther-
apy (long-term use). Patients who were lost to follow-up
and for whom treatment adherence was thus unknown were
analyzed as part of the long-term adherence group, following
the intention-to-treat principle.* Additionally, short-term
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versus long-term adherence was noted for both patients
who after initial consultation here at Pine Street elected to
continue at our center or follow up with other CAM cen-
ters. Thus, each of these 2 variables was measured sepa-
rately: location (Pine Street or CAM) and duration (short
term or long term).

Data on external concurrent 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 (CCR; www.ccrcal.org) and
Kaiser Permanente Northern California (KPNC) Division of
Research Cancer Registry (www.dor.kaiser.org). We selected
cases using histology codes for adenocarcinoma (8010, 8020-
8022, 8140-8145, 8210-8211, 8220-8221, 8230-8231, 8260-
8263), squamous cell carcinoma (8070-8078), and mucinous
carcinoma (8470, 8480, 8481).%’ Patients with squamous cell
or mucinous cell colorectal cancers have worse prognosis
than those with adenocarcinoma.*!

Stage

For Pine Street Clinic patients, staging was identified by
review of medical records related to patients’ cancer diag-
nosis: biopsy reports, scan reports, and physicians’ dicta-
tion notes. All patients were biopsy-proven cases. For the
California Cancer Registry (CCR) controls, American Joint
Committee on Cancer (AJCC) staging was used.*”* For the
Kaiser controls, AJCC stage was not available for the study
recruitment years, so we reconstructed AJCC stage from
tumor extension, node involvement, and metastasis.* For a
detailed case selection inventory, see Table 1.

Data Analysis

The primary end point was all-cause mortality. Our primary
treatment variable of interest was long-term versus short-
term herbal/vitamin therapy (yes/no); baseline covariates
were stage (I, II, III, or IV), age at diagnosis, sex, histology
(adenocarcinoma, squamous, or mucinous), and treatment
with surgery, radiation, or chemotherapy (yes/no).

We analyzed data in 2 phases: (1) within Pine Street
Clinic, comparing long-term with short-term PAM+V, and
(2) comparing PAM+V users with external concurrent con-
trols. We used the Stata statistical package (version 9.2;
StataCorp, College Station, TX).

We used Cox proportional hazards regression44 stratified
by stage and adjusted by all covariates for traditional survival
analysis. Time at risk was defined by month/year of diagno-
sis and death. For causal inference, we used Cox proportional
hazards weighted by the inverse probability of each patient’s
having received treatment (stabilized inverse probability of
treatment weighting [IPTW]) in a MSM. The IPTW balances
exposure groups with regard to their probability of having
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Table I. Case Selection and Exclusion Algorithm
PAM+V CCR KPNC
Original data set 193 37970 3866
Excluded cases
Duplicate record 2877 26
Not analytic class record 68 93
Not San Francisco Bay Area 9568 788
Diagnosis not histologically 396 52
confirmed
Died within 2 weeks of 1276 27
diagnosis
Not malignant 2903
Not adenocarcinoma, 757 49
mucinous, or squamous
Unknown date of birth, 27 147
diagnosis, or follow-up
Unknown if treated with I
surgery
Unknown if treated with 745 24
chemotherapy
Unknown if treated with 122
radiation
Unknown AJCC stage or 7057 119
in situ cases
Unknown SEER node status I
Stage could not be 552
determined
Unknown whether used 496
CAM
Final data set 193 11678 1987

Abbreviations: PAM+V, Pan-Asian medicine + vitamins; CCR, California
Cancer Registry; KPNC, Kaiser Permanente Northern California; AJCC,
American Joint Committee on Cancer; SEER, Surveillance, Epidemiology
and End Results; CAM, Complementary and Alternative Medicine.

received treatment’’**** using logistic regression with the

same covariates as used in our standard Cox regression
model. We used the bootstrap® with 1000 repetitions for
estimation of the confidence intervals about the hazard ratio
(HR). For this analysis, we constructed our own program
using the Stata statistical programming language.

We also investigated causal inference with the propen-
sity score. This method begins by using the multivariate
logistic regression model to estimate the probability of
receiving treatment using a person’s individual disease
and treatment characteristics® %" using the same set of
covariates as above. We first estimated the propensity
score and divided it into 5 or more levels or strata (a method
shown to remove up to 90% of bias if adequate covariate
information is available)*® and then used the propensity
score as a variable in Cox regression. We used the pscore
program in the Stata statistical software.*
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Table 2. Patient Characteristics by Group

PAM+V CCR KPNC Totals

Stage | (number of patients) 19 3300 523 3842
Median age (years) 63 72 66 71
Female (%) 58 47 43 46
Adenocarcinoma (%) 100 94 93 94
Squamous cell carcinoma (%) 0 6 7 6
Treated with surgery (%) 95 99 100 99
Treated with chemotherapy (%) 0 2 3 2
Treated with radiation (%) 0 0 3 |

Stage Il (number of patients) 46 3697 568 4311
Median age (years) 59 73 69 73
Female (%) 41 53 50 52
Adenocarcinoma (%) 93 86 84 86
Squamous cell carcinoma (%) 7 14 16 14
Treated with surgery (%) 100 99 99 99
Treated with chemotherapy (%) 6l 13 22 15
Treated with radiation (%) 17 2 12 3

Stage Ill (number of patients) 58 2767 434 3259
Median age (years) 63 72 66 71
Female (%) 45 51 48 51
Adenocarcinoma (%) 95 86 84 86
Squamous cell carcinoma (%) 5 14 16 14
Treated with surgery (%) 95 100 100 99
Treated with chemotherapy (%) 98 39 64 43
Treated with radiation (%) 29 2 22 6

Stage IV (number of patients) 70 1914 462 2446
Median age (years) 63 71 67 70
Female (%) 33 51 46 50
Adenocarcinoma (%) 99 86 86 86
Squamous cell carcinoma (%) | 14 14 14
Treated with surgery (%) 96 80 79 80
Treated with chemotherapy (%) 100 45 55 48
Treated with radiation (%) 6 5 12 6

Total number of patients 193 11678 1987 13858

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

Results
Number of Patients

In the Pine Street cohort, we had 193 colon cancer patients
(Table 1). Most patients in the Pine Street Clinic group were
presenting for first-line chemotherapy. Lag time between
diagnosis and initiation of PAM+V treatment averaged
between 30 and 34 days. This is comparable with what is
known about delays in delivery of care to those with lung
cancer in conventional oncology practice: delays attribut-
able to the patient average 18 days, and delays attributable
to the health system average 62 days.*!

From the CCR, we obtained data for 11 678 patients suitable
for analysis and from Kaiser Permanente Northern California,
data for 1987 patients. Table 2 reports patient and treatment
characteristics. Table 3 reports PAM+V protocol components
and timing. Table 4 reports herbal medicines used.

Comparing Long-Term Follow-up With
PAM+V to Short-Term Follow-up

In Kaplan-Meier analysis, in stage I and I, survival was com-
parable between short-term and long-term treatment groups
(Figure 1). There were no deaths in stage I short-term patients
(the denominator in this analysis), so that estimation of a HR
was not possible. A modest but not statistically significant
advantage in favor of long-term maintenance of PAM+V treat-
ment was found by multivariate causal analysis with the pro-
pensity score in stage II (HR =0.71; 95% CI =0.06, 8.79) and
by MSMs in stage IV (HR = 0.85; 95% CI=0.10, 7.24). Some
of our analyses, by contrast, found a nonsignificant trend
toward superiority of short-term PAM+V treatment (Table 5).

Comparing PAM+V-Treated Patients With
Concurrent External Controls

In Kaplan-Meier plots, we found that in patients with all
stages of colon cancer, treatment with both short-term and
long-term PAM+V resulted in longer survival than was
seen in concurrent external controls from both Kaiser
Permanente and CCR (Figure 1).

Using concurrent external controls from the CCR, we
found significantly better survival with PAM+V combined
with conventional therapy compared with conventional ther-
apy alone: using traditional adjusted Cox analysis, in stage I
(HR =10.09; 95% CI =0.01, 0.65), stage II (HR =0.37; 95%
CI=0.17, 0.77), and stage IV (HR = 0.27; 95% CI = 0.19,
0.36); and using MSMs, in stage III (HR = 0.71; 95% CI =
0.51,0.98) and in stage IV (HR = 0.25; 95% CI=0.18, 0.35).
There was a strong but nonsignificant trend toward better
survival (Table 5) in stage II (HR = 0.04; 95% CI = 0.00,
69.6) and, using propensity scores, in stage I (HR = 0.05;
95% CI =0.00, 0.51), stage II (HR = 0.36; 95% CI =0.17,
0.76), and stage IV (HR = 0.20; 95% CI = 0.15, 0.28).

Using concurrent external controls from Kaiser Permanente,
we found significantly better survival with PAM+V com-
bined with conventional therapy when compared with con-
ventional therapy alone (Table 5): using traditional adjusted
Cox analysis, we found better survival in stage I (HR =
0.11; 95% CI = 0.02, 0.81), stage IT (HR = 0.31; 95% CI =
0.15, 0.67), and stage IV (HR = 0.26; 95% = CI 0.18, 0.37)
and a nonsignificant trend toward better survival in stage I1I
(HR = 0.81; 95% CI = 0.54, 1.22); using MSMs analysis,
there was significantly longer survival in stage IV (HR =
0.25; 95% CI = 0.19, 0.34) and a nonsignificant trend
toward better survival in stage II (HR = 0.32; 95% CI =
0.02, 6.57) and stage III (HR = 0.44; 95% CI=0.17, 1.11).
Also, using adjusted propensity score analysis, there was
significantly longer survival for PAM+V-treated patients,
compared with concurrent external controls in stage IV (HR =
0.25; 95% CI=0.15, 0.30).
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Table 3. PAM+V Protocol Timing Concurrent With Chemotherapy, 21-Day Cycle®
Daily Dosage Part | Part Il Part Ill

For 7-day chemotherapy protocols Days -3 Days 4-7
For 30-day chemotherapy protocols Days -3 Days 4-7 Days 8-30
Thymic extract 100-1000 mg v
N-acetyl cysteine 200-600 mg v
Curcumin (as turmeric) 100-800 mg v
Propolis 500-1500 mg v v
Fish oil 3-10g v v
Folic acid 400-1000 pg v v
Royal jelly 500-3000 mg v v
Co-enzyme Q-10 90-150 mg v v
Green tea beverage 1-5 cups v v
Antioxidant combo v v

Vitamin A (5000-15000 1U)

Beta-carotene (25000-75000 1U)

B-complex (50-100 mg with B-12 and folic acid)

Vitamin C (3-10 g)

Vitamin D (1000-3000 [U)

Vitamin E (400-1200 1U)

Selenium (100-400 pg)

Zinc citrate (20-75 mg)
Lactobacillus I-3 caps v v v
Digestive enzymes v v v
Chinese herbal formula (See Table 4) v v v
Whey or soy protein 10-30 gm v 4 4
Melatonin [-5 mg v v v
Shark or bovine cartilage 300-1200 mg v v v

Abbreviations: PAM+YV, Pan-Asian medicine + vitamins.

Day | is defined as the day of chemotherapy infusion. Protocols for patients were usually updated at quarterly (seasonal) consultation visits. Each of
the herbs and supplements listed above were not all used simultaneously during the course of therapy. ltems were identified if they were used for more
than 3 seasonal protocol updates during the course of a patient’s treatment at Pine Street.After completion of chemotherapy, long-term treatment

continues with Part Ill.

To confirm the validity of our external controls, we com-
pared survival rates among both groups of external controls
identified in this study with the rates reported by other
authors also using Surveillance Epidemiology and End
Results (SEER) Cancer Registry data.’ °TIn our study, we esti-
mated (Table 6) that 30-month survival in stage I controls
from CCR was 86% and from Kaiser Permanente (KPNC)
was 90% (compared with other authors who estimated
96%).”° The 30-month survival in stage II controls from CCR
was 78% and from KPNC was 83% (compared with 89%).>
The 30-month survival in stage III controls from CCR data
was 64% and from KPNC was 73% (compared with 73%).>
The 30-month survival in stage IV controls from CCR was
16% and from KPNC was 20% (compared with 17%).>

Crude Survival Rates: Stage |

Survival at 1 year was 100% in both the long-term and short-
term PAM+V groups, 95% in the Kaiser controls and 93%
in CCR controls. Survival at 2 years was 100% in both the

long-term and short-term PAM+V groups, 92% in Kaiser
controls, and 88% in CCR controls. Survival at 5 years was
100% in both the long-term and short-term PAM+V groups,
81% in Kaiser controls, and 74% in CCR controls (Table 7).

Crude Survival Rates: Stage Il

Survival at 1 year was 100% in both the long-term and
short-term PAM+V groups, 93% in Kaiser controls, and
89% in CCR controls. Survival at 2 years was 100% in both
the long-term and short-term PAM+V groups, 86% in
Kaiser controls, and 81% in CCR controls. Survival at
5 years was 92% in the long-term PAM+V group, 86% in
the short-term PAM+V group, 65% in Kaiser controls, and
63% in CCR controls (Table 7).

Crude Survival Rates: Stage IlI

Survival at 1 year was 100% in both the long-term and
short-term PAM+V groups, 91% in Kaiser controls, and
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Table 4. Chinese Herbal Medicine Formulas Used

Formula #1: Move Lower Burner Dampness and Lift

Deficiency

BZ Ling Zhi Ganoderma

5K Zhu Ling Polyporus (Grifola)
TNz Wau Jia Shan Eleutherococcus, Radix
FUASS BaiTouWeng  Pulsatillae, Radix

FENL YiYi Ren Coicis, Semen

A Pu GongYing  Taraxaci, Herba cum Radi
UINANTS Chi Xiao Dou  Phaseolus calcaratus, Semen
24 Yu Jin Curcumae, Radix

Fokcr Gou Qi Zi Fructus Lycium

[EpEE XiYang Shen Ginseng (American), Radix

Formula #2: Purge Lower Burner Damp Stagnation

TG Huang Qi Astraguli, Radix

ViSlEN Yadanzi Bruceae, Fructus

F12 Dan Shen Salvia Multiorrhiza, Radix
EA YiYiRen Coicis, Semen

Ha Bai He Lilii, Bulbus

JILACRE Chuan Bei Mu  Fritillariae Cir, Bulbus
Frt Shi Shu Cudrania Cuspidata
HRGTE Xia Ku Cao Prunellae vulgaris, Spica
PN Da Huang Rhei, Rhizoma

B Tao Ren Persicae, Semen

REpN S Da Zao Zizyphus Jujubi, Fructus
Additions based on symptoms

Ei ZiTeng Wisteria sinensis

it Jie Geng Platycodi Grandi, Radix
FIfErEH S BaiHua She She Cao Oldenlandiae, Herba
50 Shang Lu Phytolacca acinosa

% Ling Jiao Trapa natans

il Huang Lian Coptidis, Rhizoma

ES S Zi Su Zi Perillae Acutae, Fructus
W2 Ku Shen Sophorae, Radix

Formula #3: Purge Damp Heat Stagnation in the Lower Burner

R Dang Shen Codonopsis Pilos, Radix
FIR Bai Zhu Atractylodis Macro, Rhiz
RELE Bai TouWeng  Pulsatillae, Radix

P Huang Lian Coptidis, Rhizoma

ok DiYu Sanguisorbae, Radix
Rl A Long Yan Rou Longanae, Arillus

-

R4 Fu Ling Poria Cocos, Sclerotium
K& Mu Xian Saussureae, Radix

1L Shan Zha Crataegi, Fructus

[ Lu Rong Cervus Nippon

i Ku Shen Sophorae, Radix

] Huang Qi Astraguli, Radix

£ 57 Qinpi Cortex fraxini

SRAE JinYin Hua Lonicerae, Flos

K12 Tai Zi Shen Pseudostellariae, Radix
BAPE (Fa) Ban Xia Pinelliae, Rhizoma

B 1 Chen Pi Citrus Ret, Pericarpium

Additions based on symptoms

filii g Bu Gu Zhi Psoraleae, Fructus

R Feng Wei Cao Pteridis Multifidae

| Huang Bo Phellodendri, Cortex

VINGIE Chi Shao Paeonia Rubrae, Radix
V=94 Qing Pi Citri Ret.Viridae, Peri
IS Gua Lou Ren Trichosanthis, Semen

AL Hu Zhang Polygoni Cuspidati, Rhizoma
R AL Teng Li Gen Actinidiae, Radix

Formula #4: Purge Lower Burner Toxic Heat

PHTES XiYang Shen Ginseng (American), Radix
e JinYin Hua Lonicerae Japonica, Flos
L=REpl Zao Jiao Ci Gleditsia, Spica

ity DiYu Sanguisorbae Off, Radix
J=2ins Wu Mei Pruni Mume, Fructus
GES Gan Cao Glycyrrhizae Ural, Radix
A Pu GongYing Taraxaci, Herba cum Radi
FI{EREE S Bai Hua She She Cao Oldenlandiae, Herba
ENA YiYi Ren Coicis, Semen

HR AL Teng Li Gen Actinidiae, Radix

kit Shi Shu Cudrania Cuspidata
T2 Ku Shen Sophorae, Radix

PR Huai Jiao Fructus sophorae

BeA Tao Ren Persicae, Semen

F7 Zhi Ke Citri Immaturis, Fructus
oy 2 E Jiao Asini, Gelatinum

EgiE Huang Bo Phellodendri, Cortex
| Zi Hua Di Ding Violae, Radix et Herba
V8 i v Dang Gui Angelica Sinensis, Radix
PSS Bai Tou Weng Pulsatillae, Radix

HiH Huang Lian Coptidis, Rhizoma

Additions based on symptoms

WG Hai Zao Sargassii, Herba

PNy Mu Xiang Saussureae, Radix

FLAE Hong Hua Carthami, Flos

HRGTE Xia Ku Cao Prunellae vulgaris, Spica
AR Mu Li Fen (Sheng)  Ostreae, Conchae

83% in CCR controls. Survival at 2 years was 100% in both
the long-term and short-term PAM+V groups, 78% in
Kaiser controls, and 69% in CCR controls. Survival at
5 years was 61% in the long-term PAM+V group, 80% in
the short-term PAM+V group, 52% in Kaiser controls, and
48% in CCR controls (Table 7).

Crude Survival Rates: Stage IV

Survival at 1 year was 100% in both the long-term and
short-term PAM+V groups, 44% in Kaiser controls, and
40% in CCR controls. Survival at 2 years was 93% in the
long-term PAM+V group, 100% in the short-term PAM+V
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Figure 1. Survival in colon cancer, short-term versus long-term PAM+V and external controls
Abbreviations: PAM+V, Pan-Asian medicine + vitamins; PS, Pine Street Clinic; KPNC, Kaiser Permanente Northern California; CCR, California Cancer Registry.

group, 25% in Kaiser controls, and 20% in CCR controls.
Survival at 5 years was 60% in the long-term PAM+V
group, 82% in the short-term PAM+V group, 7% in Kaiser
controls, and 8% in CCR controls (Table 7).

Examining Treatment Combinations

Because treatments with conventional therapies were impor-
tant variables in our analysis, we also sought to report sur-
vival differences between various combinations of these
therapies. Figure 2 compares survival curves between patients
who received PAM+V in combination with surgery with
those receiving PAM+V alone, surgery alone, or neither
PAM+V nor surgery. These survival curves are stratified by
cancer stage and use the CCR database records as external
concurrent controls. Figure 3 similarly reports all 4 possible
treatment combinations of PAM+V and chemotherapy,
Figure 4 for PAM+V and radiotherapy, and Figure 5 for
all possible combinations of PAM+V and any standard
therapy. In virtually all these survival curve plots, we found a
dose-response effect, in which the most substantial survival

benefit was realized by patients receiving the full treatment
combination; the least favorable survival response was seen
in patients receiving neither treatment, and PAM+V alone or
standard therapy alone were typically in the middle.

Comparing PAM+V-Treated Patients
Followed at Pine Street Clinic With Those
Followed at Other CAM Centers

We were also interested in determining whether there was
a center effect—survival differences based on location of
follow-up. In the Kaplan-Meier life table analysis, we
found no apparent survival difference between patients
who continued at Pine Street Clinic for long-term PAM+V
and those continuing at other CAM centers (Figure 6).

Examining CAM Use in External Controls

We were fortunate to identify some records within the CCR
in which clinicians had documented patients’ use of CAM
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Table 5. Colon Cancer Survival®

Stage Stage
Stage | Stage Il ] \'%

PAM-+V long- versus short-term treatment

Number of patients 12 39 47 59
(PAM+V long-term)

Number of patients 7 7 I Il
(PAM+V short-term)

Cox regression, — 0.92 [0.11,7.69] 1.82 [0.63,5.24] 1.28 [0.57,2.90]
unadjusted

Cox regression, — 0.73 [0.06,8.88] 1.77 [0.60, 5.23] 1.08 [0.47,2.48]
adjusted®

Propensity score Cox, — 0.52 [0.05,5.99] 1.86 [0.63,5.50] 1.01 [0.44,2.32]
unadjusted”

Propensity score Cox, — 0.71 [0.06,8.79] 1.95 [0.65,5.86] 1.10 [0.47,2.55]
adjusted”

MSM Cox regression® — 0.52 [0.00,9.93] 1.49 [0.00,4690.0]1 0.85 [0.10,7.24]

PAM-+V and standard therapy versus CCR

Number of patients 19 46 58 70
(PAM+V)

Number of patients (CCR) 3300 3697 2767 1914

Cox regression, 0.07%#* [0.01,0.51] 0.19%%  [0.09,0.40] 0.59%* [0.41,0.85] 0.24%% [0.18,0.33]
unadjusted

Cox regression, 0.09* [0.01,0.65] 0.37%* [0.17,0.77] 0.78 [0.53,1.16] 0.27%+ [0.19,0.36]
adjusted®

Propensity score Cox, 0.09%* [0.01,0.63] 0.29%* [0.14,0.62] 0.82 [0.56, 1.20] 0.22%  [0.16,0.30]
unadjusted

Propensity score Cox, 0.05* [0.00,0.51] 0.36%* [0.17,0.76] 0.76 [0.51,1.15] 0.20%*  [0.15,0.28]
adjusted®

MSM Cox regression® 0.04 [0.00, 69.6] 0.71%* [0.51,0.98] 0.25%+ [0.18,0.35]

PAM+V and standard therapy versus KPNC

Number of patients 19 46 58 70
(PAM+V)

Number of patients 523 568 434 462
(KPNC)

Cox regression, 0.12% [0.02,0.87] 0.22°%  [0.10,0.47] 0.70 [0.48, 1.03] 0.26*  [0.19,0.36]
unadjusted

Cox regression, 0.11* [0.02,0.81] 0.31** [0.15,0.67] 0.81 [0.54,1.22] 0.26%% [0.18,0.37]
adjusted®

Propensity score Cox, 0.13* [0.02,0.93] 0.34 [0.11,1.07] 0.70 [0.48, 1.04] 0.25% [0.17,0.35]
unadjusted’

Propensity score Cox, 0.01 [0.00,2.61] 0.35 [0.11,1.13] 0.69 [0.46, 1.04] 0.2 10.15,0.30]
adjusted®’

MSM Cox regression“® 0.32 [0.02,6.57] 0.44 [0.17,1.11] 0.25%%  [0.19,0.34]

Abbreviations: PAM+V, Pan-Asian medicine + vitamins; MSM, Marginal Structural Model; KPNC, Kaiser Permanente Northern California; CCR: California

Cancer Registry.

*Hazard ratio and [95% confidence interval]. *P < .05;**P < .01;**P < .001.

®Stage II: adjusted for age, sex, cell type, chemotherapy, and radiation (all had surgery). Stage III: adjusted for age, sex, cell type, surgery, and radiation (all
but | had chemotherapy). Stage IV: adjusted for age, sex, cell type, surgery, and radiation (all had chemotherapy).
“Stage |: MSM analysis not feasible because of effect of small sample size on bootstrap standard errors. Stage |ll: adjusted for age, sex, surgery, and che-
motherapy and radiation. Stage IV: adjusted for age, sex, surgery, and radiation (all had chemotherapy).
No deaths in short-term PAM+V; therefore, estimation of hazard ratio was not feasible.

“Adjusted for age, sex, cell type, and treatment with surgery, chemotherapy, and radiotherapy.

fPropensity score built using covariates for age, sex, cell type, and treatment with surgery, chemotherapy, and radiotherapy. Stage Il: propensity score
includes interaction term for PAM+V and chemotherapy. Stage lll: propensity score includes age, sex, cell type, surgery, and radiation (| patient had no

chemotherapy).

EMSM uses age, sex, cell type, surgery, chemotherapy, and radiotherapy.
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Table 6. Absolute Survival Rates for Examining the Validity of
External Controls

Mortality Reference Data

Stage Statistict  CCR  KPNC  Comparison  Source

I 30-Month  86% 90% 96% SEER*®
survival

Il 30-Month  78%  83% 89% SEER®®
survival

n 30-Month  64%  73% 73% SEER*®
survival

v 30-Month  16% 20% 17% SEER*®
survival

Abbreviations: CCR, survival estimates from our analysis of California
Cancer Registry data; KPNC, survival estimates from our analysis of
Kaiser Permanente data.

Table 7. |-, 2-,and 5-Year Survival Rates

California
Long-term  Short-term Kaiser Cancer

Stage | PAM+V PAM+V Permanente Registry

| Year 100% 100% 95% 93%

2 Year 100% 100% 92% 88%

5 Year 100% 100% 81% 74%
Stage Il

| Year 100% 100% 93% 89%

2 Year 100% 100% 86% 81%

5 Year 92% 86% 65% 63%
Stage Il

| Year 100% 100% 91% 83%

2 Year 100% 100% 78% 69%

5 Year 61% 80% 52% 48%
Stage IV

| Year 100% 100% 44% 40%

2 Year 93% 100% 25% 20%

5 Year 60% 82% 7% 8%

therapies (coded in the parlance of the time as “unproven
therapies”). We therefore compared the survival of the
patients who used both long-term and short-term PAM+V
with that of CAM users and nonusers from within the CCR
database (Figure 7). In Kaplan-Meier analysis, we found
that in stage IV colon cancer, there was substantially
increased survival with both long-term and short-term
practitioner-guided PAM+V therapy, compared with CAM
use in the general population. Furthermore, in those stage-
IV CCR patients, there was no apparent survival difference
between CAM users and nonusers. In patients with stage I11
colon cancer, there was similarity between the survival of
PAM-+V-treated patients and CAM users from the general
population, particularly after about 5 years’ time. These
results for CAM use and survival in the CCR external con-

current controls should be interpreted with caution because
of likely reporting bias and/or measurement error among
those controls.

Discussion
Principal Findings

In this retrospective cohort survival analysis, we found sig-
nificant survival benefits to combining PAM+V with conven-
tional therapy compared with conventional therapy alone in
colon cancer patients in stages I, I, and IV. There was a trend
toward superior survival in stage III, probably because of
small sample size in the PAM+V group. Long-term PAM+V
treatment showed no survival advantage over short-term
therapy. MSMs and propensity score analyses, both showed
results similar to multivariate Cox regression analysis.

Strengths of the Study

Our article is the first where modern methods—the propen-
sity score and MSMs—are used for causal inference in a
survival analysis of Chinese herbal medicine in colon can-
cer. Our use of modern methods for causal inference can
balance such differences between treatment groups by
making these groups comparable based on their individual
and treatment history characteristics. When adequate mea-
surement of covariates is present, they can help control
for up to 90% of differences between treatment groups.
Although articles on the MSMs have stated the assumption
of no unobserved confounders, this assumption is unverifi-
able in practice.”"*

In our study, we used specific herbal and vitamin prod-
ucts commonly available in commercial markets. Our pur-
pose was to maximize the accessibility of our treatment
approach for other clinicians and researchers.

Limitations of the Study

These observational data are prone to selection bias
because patients choose the treatment they receive, in con-
trast to a randomized trial where choice is assigned. We did
not have data that would allow us to control for possible
confounding by socioeconomic status (SES). SES is associ-
ated with increased use of CAM,53 better access to conven-
tional cancer therapy,™* and increased cancer survival. We
also did not have data on race within the PAM+V-treated
cohort. Colon cancer survival has been shown to be lower
in blacks than whites; however, recent work has shown that
this may be largely a function of SES, rather than race spe-
cifically.*>

It is also possible that the efforts required of patients to
follow through with the highly structured PAM+V protocol
such as ours may in some unknown way have contributed to
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Figure 2. Colon cancer survival, showing all treatment combinations

as external controls
Abbreviation: PAM+V, Pan-Asian medicine plus vitamins.

these survival differences. The relative effects on patient
survival of granules/tinctures versus dry herb decoctions or
of highly structured versus less-structured treatment proto-
cols would be an informative end point to design into a pro-
spective follow-up study specifically seeking to answer
such a question.

In the CCR and Kaiser Permanente Northern California
data sets, we did not have available data on smoking, an
important risk factor for colon cancer which worsens sur-
vival’® and contributes to more aggressive cancer cell
growth.® Although cancer registry data have limitations,
the data that are available from these 2 registries are gener-
ally considered to be of high quality.

We had no data on CAM use by external controls in the
Kaiser Permanente database, so we were not able to account
for this confounding variable in our analysis, which com-
pared PAM+V-treated patients with external concurrent
controls. However, even if it were as high as reported in the
literature, this would have biased our results toward the

of PAM+V and surgery, using California Cancer Registry patients

null, and the true survival benefit of PAM+V would be even
stronger than what we estimated.

There may also have been other factors that could explain
in part the survival differences of short-term over long-term
PAM+V; for example, patients choosing short-term
PAM+V therapy might have “felt healthier” and thus not
maintained treatment. Our results showing longer survival
with short-term use of PAM+V than with long-term use
were contrary to our expectations. This could suggest that a
sufficient survival benefit could be obtained by short-term
use of PAM+V lasting only the duration of conventional
therapies. However, there were substantially fewer short-
term PAM+V patients in stages II, III, and [IV—between 7
and 11 in each stage; it is possible that these few individuals
in each stage had other unknown characteristics or factors
that could explain their longer survival. This observation
could be further tested and validated in follow-up prospec-
tive trials specifically designed to compare short-term ver-
sus long-term use of PAM+V.
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Figure 3. Colon cancer survival, showing all treatment combinations

patients as external controls
Abbreviation: PAM+YV, Pan-Asian medicine plus vitamins.

Similarly, patients choosing PAM+V may have been
healthier overall than the external controls and thus able
to maintain treatment. Additionally, patients choosing
PAM+V may have already been following better diets,
which is known to improve colon cancer survival.’ More
patients in the Pine Street Clinic groups received chemo-
therapy, although we controlled for this factor by including
it as a variable in the multivariate analysis. Other research
on the use of CAM therapies by cancer patients suggests
that sicker patients are more likely to choose PAM+V ther-
apy.24 To put this statement in context, it is also important
to contrast it with the finding that in conventional cancer
therapy, sicker patients are less likely to receive chemother-
apy.® To strengthen our inference, we also conducted a
conservative analysis where we excluded all cases in the
KPNC external controls who survived less than 6 months
and found only a small difference in the HR of a few per-
centage points.

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

of PAM+V and chemotherapy, using California Cancer Registry

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. However,
our study would have been improved if we had included
monitoring for compliance of each of the treatment proto-
col parts. Teasing apart the relative efficacy of each indi-
vidual 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).*

The existing and newly developed conventional therapies
for colon cancer in use during the time span of data collection
for this study are known to have significant toxicities.**®
Enhancing patient compliance with and tolerance of conven-
tional therapies is an often-reported goal of many CAM treat-
ment programs. We did not include that outcome as a part of
the current study; this question would be best studied in a
prospective design also gathering data on quality of life.
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Abbreviation: PAM+V, Pan-Asian medicine plus vitamins.

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 usu-
ally 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
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 simi-
lar but slightly different statistical approaches. The pro-
pensity 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 bal-
ance the treatment groups, so that patients in each group are

comparable with respect to confounding variables. The pri-
mary 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, how-
ever, this difference is not relevant because our study was of
the point treatment design, where variables are measured
only at baseline. However, the MSM approach is sometimes
unstable when the sample size is small, leading to large
variance in the statistical estimator.

Possible Mechanisms

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. Propolis is an antioxidant-
rich resin gathered by honeybees from the sap of trees and
has been shown to induce colon cancer cell apoptosis,
inhibit colon cancer cell growth,®”*® induce G(0)/G(1)
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Figure 5. Colon cancer survival, showing all treatment combinations of PAM+V and any conventional therapy, using California Cancer

Registry patients as external controls
Abbreviation: PAM+V, Pan-Asian medicine plus vitamins.

arrest,” and inhibit angiogenesis, tumor invasion and
metastasis.”’ Folic acid and its analogues may prevent and
inhibit the development of colorectal tumors.”"”* N-acetyl
cysteine reduces the proliferative index in patients with
prior colonic polyposis.73 Co-enzyme Q-10 may prevent
premalignant lesions in the colon.” Curcumin appears to be
synergistic with FU in inhibiting colon cancer cell growth’
and may enhance 5-FU and oxaliplatin by modulating epi-
thelial growth factor receptor,”® induce apoptosis of colon
cancer cells,” and be chemopreventive against colon cancer
in humans.” Fish oil reduces proliferation in upper-crypt
cells of patients with a history of colonic polyps,79 inhibits
colon tumors,80 in combination with fiber reduces aberrant
crypt foci formation,®" and has chemopreventive effects in
colon cancer.”” Whey suppresses angiogenesis and tumor
development and induces apoptosis.® Shark cartilage is
antiangiogenic,®® although 1 human study found no bene-
fits.* Ganoderma stimulates colon cancer cell apoptosis®
and prevents colon cancer cell development.®”™ Coix
inhibits colon cancer cell growth.”

Chemotherapy-related effects. Folic acid and its analogues
are used in combination chemotherapy.”’ Green tea may
enhance antitumor efficacy of anthracyclines, cisplatin, and
irinotecan.”” Melatonin enhances the efficacy of cisplatin,
anthracyclines, and 5-FU.”

Reduction of chemotherapy toxicity and side effects. The
green tea plant has been shown to have neuroprotective”
and cognition-enhancing properties.”” N-acetyl cysteine may
be liver protective,”*® reducing chemotherapy toxicity.” """
Co-enzyme Q-10 may prevent FU-related cardiotoxicity
and hepatotoxicity.'” Lactobacillus reduces the frequency
of diarrhea and abdominal discomfort from 5-FU-based
chemotherapy.'™

Reduction of radiation toxicity and side effects. The Chinese
herbal medicines Radix angelicae and Radix paeoniae have
been shown to protect intestinal cells from irradiation-
induced damage.'®™ Components found within ginseng
root protects against DNA damage from radiation expo-
sure'” and reduces radiation-induced enteritis.'”’” Radix
atractylodes and Poria cocos reduce radiation injury to

102
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Figure 6. Colon cancer survival, comparing PAM+V patients initially treated at PS with those followed up at other CAM centers
Abbreviation: PAM+V, Pan-Asian medicine plus vitamins; PS, Pine Street Clinic; CAM, complementary and alternative medicine.

healthy cells.'® In a published case study, an herbal for-
mula containing ginseng was used to successfully resolve
radiation-induced enteritis.'”’ Panax ginseng protects
against radiation-induced lethality, lipid peroxidation, and
DNA damage.'* Melatonin reduces radiation-induced oxi-
dative organ damage in rats by increasing malondialdehyde
levels and myeloperoxidase activity and increasing gluta-
thione levels.'”

More general systemic effects such as immune system mod-
ulation. Royal jelly is the nutrient-rich nectar produced by
worker honeybees raising the queen bee and may be immu-
nomodulatory and myeloprotective''’ and may increase cel-
lular differentiation.''’ Thymic protein induces T-cell
maturation.'?

Unanswered Questions and Future Research

An important unanswered question is patient or treatment
factors that might explain the modestly better survival
with short-term rather than long-term PAM+V treatment
in stages III and IV colon cancer. Our observational
results showing improved survival with PAM+V treatment

combined with conventional therapies suggest that pro-
spective intervention trials are warranted.

Acknowledgments

To my instructors for providing guidance, to Dr Ly Suhuai and
Michael Broffman for inspiration, to Louise Estupinian for assis-
tance in records acquisition, to the kind members of Statalist for
their advice, and to my family for their loving support [MM].

Authors’ Note

Author contributions are as follows: Conception and design; M. F.
McCulloch, M. D. Broffman, J. M. Colford Jr. Administrative sup-
port; M. D. Broffman, L. Kushi, J. Gao, J. M. Colford Jr. Provision
of study materials or patients; M. F. McCulloch, M. D. Broffman,
L. Kushi. Collection and assembly of data; ; M. F. McCulloch, M. D.
Broffman, J. Gao. Data analysis and interpretation; M. F. McCulloch,
M. van der Laan, A. Hubbard, D. Abrams, J. M. Colford Jr.
Manuscript writing; M. F. McCulloch, D. Abrams, J. M. Colford Jr.

Declaration of Conflicting Interests

The author(s) declared no potential conflicts of interest with respect
to the research, authorship, and/or publication of this article.



McCulloch et al.

255

0 50
Survival time in months

Stage I Stage I1
g € - -
i — | £ T
e asi g T T,

2] —— — K 7 = T—
g o S ¥ o —
£ —-— z TR
£ o Yo —
g & —~ g B == T
G £ © -
£ £
£ -4l £ 9 ]

8 g

S r T T =] T T

o 50 100 o 50 100
Survival time in months Survival time in months
—— PAM-+V, long-term — =— == PAM+V, short-term PAM+V, long-term — = == PAM+V, short-term
CCR, used CAM —— — CCR,noCAM CCR, used CAM —— — CCR,noCAM
Stage II1 - Stage IV

g | |

w w
E‘ 3 ugc S
B -
g & 7 %4
£ < £ °
g g
& o | = @ |

e -]

€ g4

g Y T v & 1 T

50
Survival time in months

Figure 7. Colon cancer survival, comparing patients treated with long-term and short-term PAM+V with CAM users and nonusers

from within the California Cancer Registry database

Abbreviation: PAM+V, Pan-Asian medicine plus vitamins; CAM, complementary and alternative medicine.

Funding

The author(s) disclosed receipt of the following financial sup-
port for the research, authorship, and/or publication of this arti-
cle: This work was supported by the Pine Street Foundation, a
University of California at Berkeley Epidemiology Block Grant
Award, and a University of California at Berkeley Research
Fellowship.

References

1. Jemal A, Siegel R, et al. Cancer statistics. 4 Cancer Journal
for Clinicians. 2008;58(2): 71-96.

2. Ellenhorn JD, Cullinane CA, et al. 2007. Colon, rectal and
anal cancers. Cancer Management: A Multidisciplinary
Approach. R. Pazdur, L. Coia, R, W. J. Hoskins and L. D.
Wagman. Lawrence, Kansas, CMP Medica LLC. http://
www.cancernetwork.com/cancer-management/colorectal/
article/10165/1802621. Accessed May 8, 2011.

3. Swanson RS, Compton CC, Stewart AK, et al. The prog-
nosis of T3NO colon cancer is dependent on the number of
lymph nodes examined. Ann Surg Oncol. 2003;10:65-71.

Sauer R, Becker H, Hohenberger W, et al. Preoperative
versus postoperative chemoradiotherapy for rectal cancer.
N Engl J Med. 2004;351:1731-1740.

. Petrelli N, Douglass HO Jr, Herrera L, et al. The modulation

of fluorouracil with leucovorin in metastatic colorectal carci-
noma: a prospective randomized phase I1I trial. Gastrointesti-
nal Tumor Study Group. J Clin Oncol. 1989;7: 1419-1426.
Poon MA, O’Connell MJ, Wieand HS, et al. Biochemical
modulation of fluorouracil with leucovorin: confirmatory
evidence of improved therapeutic efficacy in advanced
colorectal cancer. J Clin Oncol. 1991;9:1967-1972.
Rabeneck L, El-Serag HB, Davila JA, et al. Outcomes of
colorectal cancer in the United States: no change in survival
(1986-1997). Am J Gastroenterol. 2003;98:471-477.
Scheithauer W, Rosen H, Kornek GV, et al. Randomised
comparison of combination chemotherapy plus supportive
care with supportive care alone in patients with metastatic
colorectal cancer. BMJ.1993;306:752-755.

de Gramont A, Figer A, Seymour M, et al. Leucovorin and
fluorouracil with or without oxaliplatin as first-line treatment



256

Integrative Cancer Therapies 10(3)

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

in advanced colorectal cancer. J Clin Oncol. 2000; 18:2938-
2947.

Douillard JY, Cunningham D, Roth AD, et al. Irinotecan
combined with fluorouracil compared with fluorouracil
alone as first-line treatment for metastatic colorectal cancer:
a multicentre randomised trial. Lancet. 2000;355: 1041-1047.
Giacchetti S, Perpoint B, Zidani R, et al. Phase III multi-
center randomized trial of oxaliplatin added to chrono-
modulated fluorouracil-leucovorin as first-line treatment of
metastatic colorectal cancer. J Clin Oncol. 2000;18:136-147.
Saltz LB, Cox JV, Blanke C, et al. Irinotecan plus fluoroura-
cil and leucovorin for metastatic colorectal cancer. Irinote-
can Study Group. N Engl J Med. 2000;343:905-914.

Andre T, Boni C, Mounedji-Boudiaf L, et al. Oxaliplatin,
fluorouracil, and leucovorin as adjuvant treatment for colon
cancer. N Engl J Med. 2004;350:2343-2351.

Goldberg RM, Sargent DJ, Morton RF, et al. A randomized
controlled trial of fluorouracil plus leucovorin, irinotecan,
and oxaliplatin combinations in patients with previously
untreated metastatic colorectal cancer. J Clin Oncol.
2004;22:23-30.

Tournigand C, Andre T, Achille E, et al. FOLFIRI followed
by FOLFOXG6 or the reverse sequence in advanced colorec-
tal cancer: a randomized GERCOR study. J Clin Oncol.
2004;22:229-237.

Twelves C, Wong A, Nowacki MP, et al. Capecitabine as
adjuvant treatment for stage I1I colon cancer. N Engl J Med.
2005;352:2696-2704.

Cunningham D, Humblet Y, Siena S, et al. Cetuximab
monotherapy and cetuximab plus irinotecan in irinotecan-
refractory metastatic colorectal cancer. N Engl J Med. 2004;
351:337-345.

Hurwitz H, Fehrenbacher L, Novotny W, et al. Bevacizumab
plus irinotecan, fluorouracil, and leucovorin for metastatic
colorectal cancer. N Engl J Med. 2004;350:2335-2342.
Mok TS, Yeo W, Johnson PJ, et al. A double-blind placebo-
controlled randomized study of Chinese herbal medicine
as complementary therapy for reduction of chemotherapy-
induced toxicity. Ann Oncol. 2007;18:768-774.

Meng ZQ, Xu YY, Liu LM, et al. Clinical evaluation of integra-
tion of transcatheter arterial chemoembolization and traditional
Chinese medicine in treating metastatic liver cancer [in Chinese].
Zhong Xi Yi Jie He Xue Bao 2003;1: 187-188, 233.

Murthy VH, Krumholz HM, Gross CP. Participation in
cancer clinical trials: race-, sex-, and age-based disparities.
JAMA. 2004;291:2720-2726.

Smith CA, Coyle ME. Recruitment and implementation
strategies in randomised controlled trials of acupuncture and
herbal medicine in women’s health. Complement Ther Med.
2006;14:81-86.

Patterson RE, Neuhouser ML, Hedderson MM, et al. Types
of alternative medicine used by patients with breast, colon,
or prostate cancer: predictors, motives, and costs. J Altern
Complement Med. 2002;8:477-485.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

Fouladbakhsh JM, Stommel M, Given BA, et al. Predic-
tors of use of complementary and alternative therapies
among patients with cancer. Oncol Nurs Forum. 2005;32:
1115-1122.

Lawsin C, DuHamel K, Itzkowitz SH, et al. Demographic,
medical, and psychosocial correlates to CAM use among
survivors of colorectal cancer. Support Care Cancer.2007;15:
557-564.

West SG, Duan N, Pequegnat W, et al. Alternatives to the
randomized controlled trial. Am J Public Health. 2008;
98:1359-1366.

Hernan MA, Brumback B, Robins JM. Marginal structural
models to estimate the joint causal effect of nonrandomized
treatments. J Am Stat Assoc. 2001;96:440-448.

Robins JM, Finkelstein DM. Correcting for noncompliance
and dependent censoring in an AIDS Clinical Trial with
inverse probability of censoring weighted (IPCW) log-rank
tests. Biometrics. 2000;56:779-788.

Mortimer KM, Neugebauer R, van der Laan M, et al. An
application of model-fitting procedures for marginal struc-
tural models. Am J Epidemiol. 2005;162:382-388.

Robins JM, Hernan MA, Brumback B. Marginal structural
models and causal inference in epidemiology. Epidemiol-
ogy. 2000;11:550-560.

Rosenbaum PR, Rubin DB. The central role of the pro-
pensity score in observational studies for causal effects.
Biometrika. 1983;70:41-55.

Rosenbaum PR, Rubin DB. Reducing bias in observational
studies using subclassification on the propensity score. J Am
Stat Assoc.1984;79:516-524.

Sato T, Matsuyama Y. Marginal structural models as a tool
for standardization. Epidemiology. 2003;14:680-686.

Cole SR, Hernan MA, Margolick JB, et al. Marginal structural
models for estimating the effect of highly active antiretroviral
therapy initiation on CD4 cell count. Am J Epidemiol. 2005,
162:471-478.

Petersen ML, Wang Y, van der Laan MJ, et al. Assessing
the effectiveness of antiretroviral adherence interventions:
using marginal structural models to replicate the findings of
randomized controlled trials. J Acquir Immune Defic Syndr.
2006;43(suppl 1):S96-S103.

Delaney JA, Daskalopoulou SS, Suissa S. Traditional versus
marginal structural models to estimate the effectiveness of
beta-blocker use on mortality after myocardial infarction.
Pharmacoepidemiol Drug Saf. 2000;18:1-6.

Yamaguchi T, Ohashi Y. Adjusting for differential propor-
tions of second-line treatment in cancer clinical trials. Part
I: structural nested models and marginal structural mod-
els to test and estimate treatment arm effects. Stat Med.
2004;23:1991-2003.

Vandenbroucke JP, von Elm E, Altman DG, et al. Strength-
ening the Reporting of Observational Studies in Epidemi-
ology (STROBE): explanation and elaboration. PLoS Med.
2007;4:e297.



McCulloch et al.

257

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

Newell DJ. Intention-to-treat analysis: implications for
quantitative and qualitative research. Int J Epidemiol.
1992;21:837-841.

O’Connell JB, Maggard MA, Ko CY. Colon cancer sur-
vival rates with the new American Joint Committee on
cancer sixth edition staging. J Natl Cancer Inst. 2004;96:
1420-1425.

Cappell MS. Reducing the incidence and mortality of colon
cancer: mass screening and colonoscopic polypectomy.
Gastroenterol Clin North Am. 2008;37:129-160, vii-viii.
American Joint Committee on Cancer, American Cancer
Society, American College of Surgeons. AJCC Cancer
Staging Manual. Philadelphia, PA: Lippincott-Raven; 1997.
National Cancer Institute. SEER Program: Comparative
Staging Guide for Cancer. Bethesda, MD: National Insti-
tutes of Health; 1993.

Cox DR. Regression models and life tables (with discussion).
J R Stat Soc Series B Stat Methodol. 1972;34:187-220.
Efron B. Bootstrap methods: another look at the jackknife.
Ann Stat. 1979;7:1-26.

Rosenbaum PR, Rubin DB. Constructing a control group
using multivariate matched sampling methods that incorpo-
rate the propensity score. Am Stat. 1985;39:33-38.

Joffe MM, Rosenbaum PR. Invited commentary: propensity
scores. Am J Epidemiol. 1999;150:327-333.

Rubin DB. Estimating causal effects from large data sets
using propensity scores. Ann Intern Med. 1997;127(8, pt 2):
757-763.

Becker SO, Ichino A. Estimation of average treatment
effects based on propensity scores. Stata J. 2002;2:358-377.
O’Connell JB, Maggard MA, Liu JH, et al. Do young
colon cancer patients have worse outcomes? World J Surg.
2004;28:558-562.

Lefebvre G, Delaney JA, Platt RW. Impact of mis-
specification of the treatment model on estimates from a
marginal structural model. Stat Med. 2008;27:3629-3642.
Cole SR, Hernan MA. Constructing inverse probability
weights for marginal structural models. Am J Epidemiol.
2008;168:656-664.

Helyer LK, Chin S, Chui BK, et al. The use of complemen-
tary and alternative medicines among patients with locally
advanced breast cancer: a descriptive study. BMC Cancer.
2006;6:39.

Dejardin O, Bouvier AM, Faivre J, et al. Access to care,
socioeconomic deprivation and colon cancer survival. A/i-
ment Pharmacol Ther. 2008;27:940-949.

Du XL, Fang S, Vernon SW, et al. Racial disparities and
socioeconomic status in association with survival in a large
population-based cohort of elderly patients with colon can-
cer. Cancer.2007;110:660-669.

Du XL, Meyer TE, Franzini L. Meta-analysis of racial
disparities in survival in association with socioeconomic

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

status among men and women with colon cancer. Cancer.
2007;109:2161-2170.

Batty GD, Kivimaki M, Gray L, et al. Cigarette smoking and
site-specific cancer mortality: testing uncertain associations
using extended follow-up of the original Whitehall study.
Ann Oncol. 2008;19:996-1002.

Chao A, Thun MJ, Jacobs EJ, et al. Cigarette smoking and
colorectal cancer mortality in the cancer prevention study II.
J Natl Cancer Inst. 2000;92:1888-1896.

Colangelo LA, Gapstur SM, Gann PH, et al. Cigarette
smoking and colorectal carcinoma mortality in a cohort with
long-term follow-up. Cancer. 2004;100:288-293.

Botteri E, lodice S, Raimondi S, et al. Cigarette smoking
and adenomatous polyps: a meta-analysis. Gastroenterol-
ogy. 2008;134:388-395.

Meyerhardt JA, Niedzwiecki D, Hollis D, et al. Associa-
tion of dietary patterns with cancer recurrence and survival
in patients with stage III colon cancer. JAMA. 2007;298:
754-764.

Ananda S, Field KM, Kosmider S, et al. Patient age and
comorbidity are major determinants of adjuvant chemo-
therapy use for stage III colon cancer in routine clinical
practice. J Clin Oncol. 2008;26:4516-4517; author reply
4517-4518.

Macpherson H. Pragmatic clinical trials. Complement Ther
Med. 2004;12:136-140.

Toxicity of fluorouracil in patients with advanced colorec-
tal cancer: effect of administration schedule and prognos-
tic factors. Meta-Analysis Group In Cancer. J Clin Oncol.
1998;16:3537-3541.

Lo Bello L, Pistone G, Restuccia S, et al. 5-Fluorouracil
alone versus 5-fluorouracil plus folinic acid in the treatment
of colorectal carcinoma: meta-analysis. Int J Clin Pharma-
col Ther. 2000;38:553-562.

Sloan JA, Goldberg RM, Sargent DJ, et al. Women expe-
rience greater toxicity with fluorouracil-based chemo-
therapy for colorectal cancer. J Clin Oncol. 2002;20:
1491-1498.

Xiang D, Wang D, He Y, et al. Caffeic acid phenethyl ester
induces growth arrest and apoptosis of colon cancer cells via
the beta-catenin/T-cell factor signaling. Anticancer Drugs.
2006;17:753-762.

Russo A, Cardile V, Sanchez F, et al. Chilean propolis: anti-
oxidant activity and antiproliferative action in human tumor
cell lines. Life Sci. 2004;76:545-558.

Shimizu K, Das SK, Hashimoto T, et al. Artepillin C in Bra-
zilian propolis induces G(0)/G(1) arrest via stimulation of
Cipl/p21 expression in human colon cancer cells. Mol Car-
cinog. 2005;44:293-299.

Liao HF, Chen Y'Y, Liu JJ, et al. Inhibitory effect of caffeic
acid phenethyl ester on angiogenesis, tumor invasion, and
metastasis. J Agric Food Chem. 2003;51:7907-7912.



258

Integrative Cancer Therapies 10(3)

71.

72.

73.

74,

75.

76.

77.

78.

79.

80.

81.

82.

83.

84.

85.

86.

Majumdar AP, Kodali U, Jaszewski R. Chemopreven-
tive role of folic acid in colorectal cancer. Front Biosci.
2004;9:2725-2732.

Strohle A, Wolters M, Hahn A. Folic acid and colorectal
cancer prevention: molecular mechanisms and epidemio-
logical evidence (Review). Int J Oncol. 2005;26:1449-1464.
Estensen RD, Levy M, Klopp SJ, et al. N-acetylcyste-
ine suppression of the proliferative index in the colon of
patients with previous adenomatous colonic polyps. Cancer
Lett. 1999;147:109-114.

Sakano K, Takahashi M, Kitano M, et al. Suppression of
azoxymethane-induced colonic premalignant lesion forma-
tion by coenzyme Q10 in rats. Asian Pac J Cancer Prev.
2006;7:599-603.

Du B, Jiang L, Xia Q, et al. Synergistic inhibitory effects
of curcumin and 5-fluorouracil on the growth of the human
colon cancer cell line HT-29. Chemotherapy. 2006;52: 23-28.
Patel BB, Sengupta R, Qazi S, et al. Curcumin enhances the
effects of 5-fluorouracil and oxaliplatin in mediating growth
inhibition of colon cancer cells by modulating EGFR and
IGF-1R. Int J Cancer. 2008;122:267-273.

Su CC, Lin JG, Li TM, et al. Curcumin-induced apoptosis of
human colon cancer colo 205 cells through the production
of ROS, Ca2+ and the activation of caspase-3. Anticancer
Res. 2006;26:4379-4389.

Johnson JJ, Mukhtar H. Curcumin for chemoprevention of
colon cancer. Cancer Lett. 2007;255:170-181.

Fish-oil supplementation reduces intestinal hyperprolif-
eration in persons at risk for colon cancer. Nutr Rev. 1993;
51:241-243.

Lindner MA. A fish oil diet inhibits colon cancer in mice.
Nutr Cancer. 1991;15:1-11.

Coleman LJ, Landstrom EK, Royle PJ, et al. A diet con-
taining alpha-cellulose and fish oil reduces aberrant crypt
foci formation and modulates other possible markers for
colon cancer risk in azoxymethane-treated rats. J Nutr.
2002;132:2312-2318.

Zhou GD, Popovic N, Lupton JR, et al. Tissue-specific
attenuation of endogenous DNA I-compounds in rats by
carcinogen azoxymethane: possible role of dietary fish oil
in colon cancer prevention. Cancer Epidemiol Biomarkers
Prev.2005;14:1230-1235.

Parodi PW. A role for milk proteins and their peptides in
cancer prevention. Curr Pharm Des. 2007;13:813-828.
Bargahi A, Rabbani-Chadegani A. Angiogenic inhibitor
protein fractions derived from shark cartilage. Biosci Rep.
2008;28:15-21.

Miller DR, Anderson GT, Stark JJ, et al. Phase I/II trial of
the safety and efficacy of shark cartilage in the treatment of
advanced cancer. J Clin Oncol. 1998;16:3649-3655.

Hong KJ, Dunn DM, Shen CL, et al. Effects of Ganoderma
lucidum on apoptotic and anti-inflammatory function in
HT-29 human colonic carcinoma cells. Phytother Res. 2004;
18:768-770.

87.

88.

89.

90.

91.

92.

93.

94.

95.

96.

97.

98.

99.

100.

Lu H, Kyo E, Uesaka T, et al. A water-soluble extract from
cultured medium of Ganoderma lucidum (Rei-shi) myce-
lia suppresses azoxymethane-induction of colon cancers in
male F344 rats. Oncol Rep. 2003;10:375-379.

Lu H, Kyo E, Uesaka T, et al. Prevention of development
of N,N’-dimethylhydrazine-induced colon tumors by a
water-soluble extract from cultured medium of Ganoderma
lucidum (Rei-shi) mycelia in male ICR mice. Int J Mol Med.
2002;9:113-117.

Lu H, Uesaka T, Katoh O, et al. Prevention of the devel-
opment of preneoplastic lesions, aberrant crypt foci, by a
water-soluble extract from cultured medium of Ganoderma
lucidum (Rei-shi) mycelia in male F344 rats. Oncol Rep.
2001;8:1341-1345.

Lee MY, Lin HY, Cheng F, et al. Isolation and characteriza-
tion of new lactam compounds that inhibit lung and colon
cancer cells from adlay (Coix lachryma-jobi L. var. ma-
yuen Stapf) bran. Food Chem Toxicol. 2008;46:1933-1939.
Hynes JB, Kumar A, Tomazic A, et al. Synthesis of 5-chloro-
5,8-dideaza analogues of folic acid and aminopterin targeted
for colon adenocarcinoma. J Med Chem. 1987;30:1515-1519.
Sugiyama T, Sadzuka Y. Theanine and glutamate transporter
inhibitors enhance the antitumor efficacy of chemothera-
peutic agents. Biochim Biophys Acta. 2003;1653:47-59.
Cerea G, Vaghi M, Ardizzoia A, et al. Biomodulation of
cancer chemotherapy for metastatic colorectal cancer: a ran-
domized study of weekly low-dose irinotecan alone versus
irinotecan plus the oncostatic pineal hormone melatonin
in metastatic colorectal cancer patients progressing on
S-fluorouracil-containing combinations. Anticancer Res.
2003; 23:1951-1954.

Kakuda T. Neuroprotective effects of the green tea com-
ponents theanine and catechins. Biol/ Pharm Bull. 2002;25:
1513-1518.

Nathan PJ, Lu K, Gray M, et al. The neuropharmacology
of L-theanine(N-ethyl-L-glutamine): a possible neuroprotec-
tive and cognitive enhancing agent. J Herb Pharmacother.
2006;6:21-30.

Ioannides C, Hall DE, Mulder DE, et al. A compari-
son of the protective effects of N-acetyl-cysteine and
S-carboxymethylcysteine against paracetamol-induced
hepatotoxicity. Toxicology. 1983;28:313-321.

Sprague CL, Elfarra AA. Protection of rats against
3-butene-1, 2-diol-induced hepatotoxicity and hypoglyce-
mia by N-acetyl-L-cysteine. Toxicol Appl Pharmacol. 2005;
207: 266-274.

Varma PS, Aruna K, Rukkumani R, et al. Alcohol and
thermally oxidized PUFA induced oxidative stress: role of
N-acetyl cysteine. Ital J Biochem. 2004;53:10-15.

Berend N. Inhibition of bleomycin lung toxicity by N-acetyl
cysteine in the rat. Pathology. 1985;17:108-110.

Gon Y, Hashimoto S, Nakayama T, et al. N-acetyl-L-cysteine
inhibits bleomycin-induced interleukin-8 secretion by bron-
chial epithelial cells. Respirology. 2000;5:309-313.



McCulloch et al.

259

101.

102.

103.

104.

105.

106.

Trizna Z, Schantz SP, Hsu TC. Effects of N-acetyl-L-cysteine
and ascorbic acid on mutagen-induced chromosomal sen-
sitivity in patients with head and neck cancers. Am J Surg.
1991;162:294-298.

Takimoto M, Sakurai T, Kodama K, et al. Protective effect
of CoQ 10 administration on cardial toxicity in FAC therapy
[in Japanese]. Gan To Kagaku Ryoho. 1982;9:116-121.
Okada K, Yamada S, Kawashima Y, et al. Cell injury by anti-
neoplastic agents and influence of coenzyme Q10 on cellular
potassium activity and potential difference across the mem-
brane in rat liver cells. Cancer Res. 1980;40:1663-1667.
Osterlund P, Ruotsalainen T, Korpela R, et al. Lactobacil-
lus supplementation for diarrhoea related to chemotherapy
of colorectal cancer: a randomised study. Br J Cancer.
2007;97:1028-1034.

Kim SH, Lee HJ, Kim JS, et al. Protective effect of an herbal
preparation (HemoHIM) on radiation-induced intestinal
injury in mice. J Med Food. 2009;12:1353-1358.

Jagetia GC. Radioprotective potential of plants and herbs
against the effects of ionizing radiation. J Clin Biochem
Nutr. 2007;40:74-81.

107.

108.

109.

110.

111.

112.

Takeda T, Kamiura S, Kimura T. Effectiveness of the herbal
medicine daikenchuto for radiation-induced enteritis. J Altern
Complement Med. 2008;14:753-755.

Tian YP, Wang QC. Rectal radiation injuries treated by
Shen Ling Bai Zhu powders combined with rectal adminis-
tration of western drugs [in Chinese]. Zhongguo Zhong Xi Yi
Jie He Za Zhi. 2008;28:159-160.

Sener G, Jahovic N, Tosun O, et al. Melatonin ameliorates
ionizing radiation-induced oxidative organ damage in rats.
Life Sci. 2003;74:563-572.

Bincoletto C, Eberlin S, Figueiredo CA, et al. Effects pro-
duced by royal jelly on haematopoiesis: relation with host
resistance against Ehrlich ascites tumour challenge. Int
Immunopharmacol. 2005;5:679-688.

Salazar-Olivo LA, Paz-Gonzalez V. Screening of biological
activities present in honeybee (Apis mellifera) royal jelly.
Toxicol In Vitro. 2005;19:645-651.

Beardsley TR, Pierschbacher M, Wetzel GD, et al. Induc-
tion of T-cell maturation by a cloned line of thymic
epithelium (TEPI). Proc Natl Acad Sci U S 4. 1983;80:
6005-6009.



