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Obiectives: Data fmm one small randomized trial has suggested a benefit for high- 

dose chemotherapy/autologous hematopoietic progenitor cell transplantation 

(HDCTIAHPCT) as compared with wnventional chemotherapy (CCT) in patients with 

metastatic breast cancer. However, the study was considered to have had some 

limitations based on methodology, analysis, and sample site. The present study 

sought to compare differences in outcorne in patients with metastatic breast cancer 

undergoing HDCT/AHPCT as compared with historical controls undergoing CCT. The 

principal endpoints analyzed were overall survival and time to first failure after 

beginning chemotherapy. Secondary outcomes induded an analysis of predicton of 

time to fint rewmnce of breast cancer, analyses of prognostic factors for overall 

survival at recurrence, of time to first failure from the time of beginning chemotherapy, 

and for survival after HDCTjAHPCT. 

Patients and Methods: The experirnental group wnsisted of data from 154 patients 

receiving HDCT/AHPCT between the yean 1991-1995 from two transplant centres 

(University of Nebraska Medical Center, Northeastem Ontario Regional Cancer 

Centre). Seledion criteria similar to those used to select patients for HDCT/AHPCT 

were used to define an appropriate historical control group from the records of patients 

treated at the Ottawa Regional Cancer Centre over the same time period. From the 

records of 235 potentialfy eligible patients, 135 controls were selected. Univariate and 

multivariate tirne to event analyses (overall survival and time to failure) were perfomed 

and the outcomes compared between the two groups. 



Resulb: The median overall swvival of all patients after the development of metastatic 

disease was 27.4 months (95% confidence interval [Cl]=25.633.1 months). The 

rnedian overall suwival for patients who received CCT was 25.6 months, and for 

patients M o  received HDCTIAHPCT was 28.1 months (P =0.39 by logrank). The 

median time to failure for al1 patients after beginning chemotherapy was 12.4 months 

(95% CI = 11.2-14.3 months). The median time to failwe for patients who received 

CCT was 9.8 months, and for patients who received HDCT/AHPCT was 15.6 months (P 

=O.W5 by logrank). The use of multivariate analysis to adjust for baseline and therapy 

related prognostic differences between groups revealed a statistically significant 

difference in favor of HDCT/AHPCT for boai overall survival (Hazard Ratio [HR]=0.62, 

95% Cl=0.27-0.97, P=0.008) and time to failure (HR= 0.54, 95% CI = 0.24-0.84, 

P<O.O01). The median duration of survival after HDCTIAHPCT was 16.5 months (95% 

Cl=l3.7-21.7 months), and was not different for patients treated at the University of 

Nebraska Medical Center (15.3 months, 95% Cl=12.2-23.5 months) M e n  compared 

with patients treated at the Noraieastem Ontario Regional Cancer Center (16.3 months, 

95% Cl=l3.8-25.6 months) in univariate (P ~0.70) or multivariate (P=0.65) analysis. 

For al1 patients, independent predidon of time to initial rewnence after diagnosis 

included advandng initial dinical stage (HR=1.58, 95% CI=1.47-1.69) and a bordedine 

effect of progesterone receptor positivity (HR=O.77, 95% CI=O.51 -1.03). Independent 

predictors of overall survival at the time of development of metastatic disease included 

progestemne receptor positivity (HR=0.62, 95% CI=0.260.98), pnor adjuvant 

chemotherapy (HR=2.34. 95% Cl=1.94-2.74), pnor adjuvant hormone therapy 

(HR=2.33, 95% Cl=1.83-2.83), disease-free interval (HR=0.98. 95% Cl=0.97-0.99), the 

presence of bone metastases (HR=0.59, 95% CI=O. 17-1 .OI), the presence of 

lacomgional disease (HR=0.45, 95% Cl=0.02-0.88), the presenco of liver metastases 



(HR-1.68, 95% CI=1.0&2.12), and the number of sites of disease (HR=2.06, 95% 

Ci=l.78-2.34). 

Conclusions: The use of HûCTlAHPCT in metastatic breast cancer may confer 

advantages with respect to overall survival and time to first failure after beginning 

chemothenpy. These advantages appear to be independent of the effects of seledion 

bias and variously Qted prognostic fadon. This beneM if confimied in ongoing 

nndomized trials will have to be considered in light of differences in cost and quality of 

iife between the two therapeutic rnodalities. 
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Carcinoma of the breast is the most common malignancy in North American women, 
1 

accounting for 27% of al1 cancers, and 18% of cancer related deaths in females. For 

women between the age of 40 and 55 yean, breast cancer is the leading cause of 

death in North ~merica.' The estirnated age-standardized incidence of breast cancer is 

presently 110/100,000 females and appears to be increasing annually at a rate of 
2 

approximately 1.7 percent per snnum. Present evidence and trends would suggest 

that the average North Arnefican woman has a lifetirne risk of developing breast cancer 
2 

of one in nine. 

The most clearly demonstrated risk factors for the development of breast cancer 
3.4 

include a pnor farnily history, espedally among first degree relatives, a younger age 
5 1  7 8.9 

at menarche, older age at menopause, older age at fint full terni pregnancy, and 

the part use of exogenous hormones (estrogen replacement therapy. oral 
m l 2  

contraceptives). Much recent work has focused on the identification of mutations in 

certain genes which. when present appear to increase the risk of breast and ovarian 
13,14 

cancer substantially, and carry a heritable risk of transmission to the offspnng of 

affected individuals. Risk factors which have been more controversial in the literature 
17.11 

indude a diet high in and the consurnption of alcohol. UnforRinately, the 

potentially modifiable risk facton (e.g., diet, alcohol consumption) likely contribute only 

a very modest increment in relative risk, with quantitatively more important risk facton 

such as farnily historylgenetics being unmodifiable. It seems likely therefore that for the 

average individual, alterations in dietary measures or other Iifestyle changes wiil not 

have a signifiant impact on the eventual development of breast cancer. 



i) lnrtment of Primary Bmast Cancer 

Patients who have no overt evidence of distant metastases at initial diagnosis (i.e., no 

evidence of cancer beyond the breast and ipsilateral axillary lymph rodes) have a 

prognosis and dsk of future reaiKenC8 which depends principally on factors such as 
1s22 

prirnary tumor size, the presence or absence of axillary lymph node involvement 
D 2 7  2028.29 

with tumor, the histokgic or nudear grade of the primary tumor, and the 
3-32 

presence or absence of estrogen and progesterone recepton in tumor tissue. 

Tumor size, nodal status, and the presence or absence of distant metastases combine 

to form a dinical stage which is used for descriptive, prognostic and therapeutic 

purposes (appendix 1). For patients with a resectable tumor and no evidence of 

metastatic disease, initial management consists of surgery to remove al1 visible disease 

and to provide pathologie staging information (Le., to establish the size of the primary 

tumor and the preserxe or absence of axillary lymph node involvement). This most 

often consists of either 1) a modified radical mastectomy (removal of the entire breast, 

pedoralis minor muscle, and axiilary lymph nodes), or 2) a breast conserving surgical 

approach (lumpectomy, or the removal of the malignant tumor plus a variable rnargin of 

normal surrounding tissue, also accompanied by an axillary lymph node dissection). 

Since breast conserving approaches do not remove the entire breast, the probability of 

residual microscopie fou of malignancy rn-thin remaining breast tissue is high, and 

lumpectomy is therefore generally followed by local radiotherapy to the remaining 

breast tissue to reduce the risk of local recurrence. Since this additional local therapy 

is given in the absence of any knomi or proven residual disease, the terni 'adjuvanr is 
=,Ji1 

wmmonly used. A number of randomized trials as well as rewnt meta-analyses of 
36-37 

randomized wntrolled trials have demonstrated that both of these methods are 

assodated with an equal probability of long terni survival. The choice of local surgical 



approach therefore depends largely on patient preference and occasionally on 

surgically related technical factors. 

In occasional cases adjuvant radiotherapy may also be offered to patients who have 

undergone a modified radical mastectomy, as a lirnited and sornewhat controversial 
30,s 

litentum supports its superiotity over surgefy alone. 

Where the nsk of future systemic recurrence is considered to be clinically important to a 

patient and physiuan, patients are genenlly offered some fonn of systemic adjuvant 

therapy in an attempt to eliminate potential occult distant microscopie foci of disease 

and inuease the probability of cure. Systemic adjuvant therapy generally consists of 

some fom of cytotoxic chemotherapy, hormonal therapy, or both. The dioice is 

influenced by prirnary prognostic factors such as those previously indicated. The use 
40.41 

of systemic adjuvant therapy in numerous randomized trials, and recent rneta- 
443 

analyses consistenUy results in a dernonstrable relative nsk reduction (for systemic 

recurrence) of approximately one third. Despite administration of the best available 

primary local and systemic therapy, approximately one third of patients with breast 
44 

cancer will suffer a recurrenœ of their disease during their lifetirne. Breast cancer is 

an extrernely heterogeneous disease. and as such the interval from diagnosis to first 

recurrence is highly variable. It is not uncommon for patients to suffer a relapse of their 
a 7  

illness 10 or more years after initial diagnosis and therapy. 



ii) Metastatic Bnast Cancer 

Patients who present with. or who eventually develop distant metastatic disease are 

incurable with present conventional chemotherapy (CCT), and have a median survival 
a 1  

of appmimately two to oiree yean. The most common sites of distant recurrence 
52,s  

are bone, liver, h g ,  lymph nodes, and brain. Metastatic breast cancer. like the 

primary illness, displays a wide range of biologic variability. Although some patients 

survive only weeks after the development of dinically overt metastatic disease. ten to 
48,5466 

forty percent of patients may live for up to five years or more, and occasional 

patients may live ten yean or more after the diagnosis of metastatic d i s e a ~ e . ~ . ~  The 

use of conventional systemic therapy (chemotherapy anNor hormone therapy) can lead 

to a dinically measurable reducüon in tumor mass, which for many patients leads to 
51 

improvement, often substantial. in symptom control and overall quality of life. although 
57,s  

any prolongation of survival resulting frorn thenpy is less clear. The inability to 

clearly document the impact of treatment on survival in metastatic breast cancer results 

from a lack of (for obvious ethical reasons) randomized wntrolled trials in this area. 

Most studies attempting to measure a suivival impact resulting from treatment have 

used indirect methods of outcorne measure. For example some studies have 

compared changes in survival using older temporal cohorts (e.g., pior to the availability 
s6 

of chemotherapy) as cuntrol groups, but this type of study design lacks the ability to 

adjust for potential temporal differences in the disease over time, and likely also suffen 

f m  a fom of lead-time bias resulting from enhanced diagnostiddisease detection 

methods in the more temporaily current patient groups. This lead-tirne bias would tend 

to favour the observation of a suntival advantage in the treated (more recent) patient 

populations. Using cornpansons of 'respondero' and 'non-rasponden' is another 

mdely used method of indirectly cornparing the effects of treatmecit on sumivalle but 

this method overlooks a bias related to the biology of the disease (i.e., that response to 



treatment is in itself a confounding variable. or pmgnostic factor which predicts for a 
a 

longer survival independent of the form of therapy). Since suivival advantages 

resulting from treatment have been difficult to establish, the principal goals in treating 

patients with metastatic disease have been to improve symptoms caused by the 

presence of the tumor, and to prolong the period of disease control, as hopefully 

achieving these endpoints will improve the overall quality of life of the patient. 

iii) Prognostic Factors in Metastatic Disease 

Over the past two decades. retrospective and prospective studies of women with 

metastatic breast cancer have allowed dinicians to elucidate several prognostic factors 

which have been used as predictors of both response to therapy and survival. In 

general tems these prognostic factors relate to dinical features at diagnosis, measures 

of disease bulk and biology at recurrence, the use of past systemic therapy, and the 
50 

response to systemic therapy given after recunence. Lionetto et al analyzed patterns 

of survival in 302 patients with metastatic disease. Univanate analysis revealed that a 

shorter disease-free interval, the presence of visceral metastases, and prior adjuvant 

chernotherapy were al1 associated with a shorter survival with metastatic disease. Clark 

et alu perfomed a retrospective analysis of 1 ,015 patients treated at the University of 

Texas Health Science center between 1971 and 1983 in an attempt to identify 

prognostic factors influenung survival after the development of metastatic disease. 

Variables studied induded initial dinical stage, estrogen receptor status, prior treatment 

with adjuvant chemotherapy or hormone therapy. disease-free interval, age at relapse, 

and number and location of recurrent sites of disease. Multivariate analysis using the 

Cox proportional hazards mode? identified a longer diseasehee interval and eotrogen 

receptor positivity to be associated with irnproved survival, M i l e  the presence of brain, 

lung, liver, and bone metastases wera each independently associated with poorer 



suwivai. The Eastern Cwperative Oncology Group perfonned a sirnilar retrospective 

analysis on data from 1,168 patients with metastatic breast ~ a n c e r . ~  Among 18 

potential prognostic fadors studied, younger age, better performance status, fewer 

sites of disease, and absence of viscenl metastases were ail identified as al1 being 

independent predictors of longer survival. ûther retrospedve studies of large 

databases have confimed in rnultivariate analyses the importance of variables such as 

bulk of disease, sites of recurrence, disease-free interval, esbogen receptor status. and 
Sm,= 

where investigated, tumor grade. Prospecüvely conducted dinical trials which have 

sought to measure independent prognostic factors for survival with metastatic disease 

confirm the importance of variables such as disease-free interval, number of sites and 

location of recurrence, hormone receptor status of the prirnary turnor, and a history of 
04.85 

ptior adjuvant therapy. 

Given that thefapy does not appear to substantially alter survival for this group of 

patients, the obsewed differences in survival for patients with metastatic disease are 

likely largely a reflection of inter-patient differences in the previously discussed 

prognostic factors at the time of recurrenw. This intrinsic wide biologic vanability has 

harnpered the evaluation of new thefapies, especially when study designs have either 

not incurporated randomized control groups, have not recognizedladjusted for potenüal 

prognostic differences between groups after randorniration, or have not designed the 

study with the appropriate statistical power to deted a modest difference in the dinical 

outcorne under study. 



iv) Tmatmnt of Metastatic Bmast Cancer 

Since therapy for metastatic breast cancer does not appear to confer any significant 

survival advantage for the average patient, therapy is genenlly symptom based, with 

attempts to minimue systemic toxicity until the point at which more simple therapies 

have failed. For example radiotherapy can be used to achieve local symptom aintrol 

(e.g., radiation to sites of painful bone metastases or nodal metastases) with few or no 

side effects being experienced by the patient. Because of their low toxicity profile, 

hononal therapies (e.g., estrogen receptor antagonists, aromatase inhibiton) are oftan 

the first fom of systemic therapy attempted, particularly for patients whose tumors are 

hormone receptor positive, and who have predominantly bone and soft tissue (e.g., 

lymph node) metastases. Although many patients (parücularly those with receptor 

positive tumon) may initially respond to hormonal manipulation, hormonal resistance 

and disease progression invariably develop after a period of time, genenlly within 12 to 
51 .-71 

20 months. 

Metastatic breast cancer no longer responsive to hormonal therapy is most often 
1 ,!iB,O4,72-74 

tmated with CCT using eiaier single agents or combinations of agents. Initial 

responses to chernothenpy are generally seen in 45 to 80% of patients, although 

cornplete respocises (i.0.. complete remissions) are uncornmon, generally king seen in 
54,3,64,73,74 

520% percent of patients. The median duration of respdnse is between 5 

and 13 months, and the median su~ival  between 1 and 3 yeafs.t Despite the 

introduction of new chernotherapeutic agents in recent years, any apparent progress in 

the treatment of metastatic breast cancer has been marginal at best, an obsewation 

whicb has Iead to the purouit of more aggressive foms of îherapy. 



v) Thenpeutic Failum and the Rationrie for Do~4n~nrification 

The inability to cure a parücular cancer with wnventional doses of chernotherapeutic 

agents is generally ascfibed to the acquisition of drug resistance by certain calls within 

the tumor. The rnechanisms by which resistance can develop are sevenl, and have 
Tb 

been well described. Marty strategies aimed at overwming these specific toms of 

resirtance have besn reported onn and will not be mviewed in detail here. However, 

one conceptually simple means by which certain resistance mechanisms might be 

overcome is through dose-intensification. 

The concept of dose-intensification originates in the demonstration of what has 

generally been rehrred to as a dose-response relationship. Certain tumors, induding 
Tb78 

breast cancer appear to dernonstrate a greater magnitude of response to 

inueasing doses of chemotherapy. By greatly increasing the dose(s) of dnig(s) 

delivered ta the patient, dose-intense therapy provides a means by which resistance 

mechanisms in malignant cells might be ovenome. The mechanisms by which dose- 

intensification overwmes some foms of drug resistance have not been well elucidated, 

but appear to relate to fadon such as oveiwhelrning the malignant cell's ability to either 

inactivate the dnig, or to repair darnage to DNA prior to the next replication cycle.R'P If 

a dose-response relationship can be demonstnted for a particular tumor. the degree to 

which one can expect to achieve meaningful dinical benefit from dose-intensification 

depends on the slope of the dose-response relationship (Fig 1). 



Dose 

Fig 1. The theoretical relationship between the dose of a chemotherapeutic agent 

administered and the surviving fracüon of cells. The Y-axis represents the proportion of 

cells surviving after exposure to a hypothetical chemotherapeutic agent, and the X-axis 

represents inuemental doses of that agent. As dose increases. the proporüon of 

surviving cells deueases. The slope of the curve indicates the relative degree of dose- 

responsiveness for a particular tumor, with a decreasing slope representing a greater 

degree of doseresponsiveness. 



vi) Evidence for a Dose-Response Relationship in Bmast Cancer 

Evidence for the existence of a dose-response retationship in breast cancer cornes 

from both retrospedive data analyses, and from pmpecüvely wnducted randomized 

cl inid trials, and indudes data from patients treated in both the adjuvant and 

metastatic settings. The earliest atternpt to analyze the effed of dose on outcome in 

breast cancer came from a ietrospedive analysis wnducted by Bonadonna and 
7a 

Valagussa. This study retrospectively analyzed relapse-free survival at (ive years in 

901 women with breast cancer who had been treated with chemotherapy as part of 

three earlier prospective dinical trialsafa Since dose reducüons are cornmon during 

CCT, they reviewed the actual total doses which had been received by each patient in 

their trials, and expressed these as a percentage of the intended full (planned) doses. 

Among 348 pcenienopausal patients receiving adjuvant chemotherapy in this study, 

those who had received 1 85% of the intended dose had the best five year relapse-free 

sunrival (79.1 %), followed &y patients who had received 6544% of the planned dose 

(55.7%), followed by patients who had received less than 65% of the planned dose 

(43.4%). The results were sirnilar, aiough less marked for the 280 post-menopausal 

patients. Not al1 between-group differences were statistically significant (particularly in 

the post-menopausal group). The statistical analysis of this data was somewhat weak. 

More information may have been foithcorning had the investigaton perfomed a single 

Iife-table analysis of al1 treated patients (rather than breaking the patients into 

menopausal subsets), or by perlonning a multivariate analysis, induding variables suai 

as menopausal status and proportionate planned dose received as covanates in the 

analysis. However, the appearanca of the groups as projected by life table analysis 

suggests graphically that a dose-response effed is a more Iikely explanation than a 

simple threshold effect (i.e., where patients below a certain threshold dose obtained no 

dinical benefit whatsoever). 



n 
Hryniuk and Bush perfomed a retrospecüve analysis of dose-intensity and outcome 

in patients rewiving chemotherapy for metastatic breast cancer. Using the dose- 

intensity (expressed as doses of dwgs received in mg/rn21week) of the Cooper 
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regimen as a reference, the average relative doseintensities of several other 

published trials wing cydophosphamide, methotrexate, and fluorouracil (CMF) were 

calculateci and were assigned a fractional dosa-intensity relative to the Cooper 

regimen. The relationship between the average relative dose-intensity and outcome 

(the published response rate for each particular study) was then explored. The authots 

conduded that a relationship between dose-intensity and response could be 

demonstrated (~0.82, P<0.001). The same analysis was perfomed for published 

reports using cydophosphamide, doxorubidn, and fluorouracil (CAF) as the 
as 

chemotherapy regimen, using the regimen of Bull and Tormey as the reference dose- 

intensity regimen. This analysis revealed a similar relationship between average 

relative dose-intensity and response rate (r=0.71, P<O.Ot). Although the authors 

acknowledged the limitations of their design, particularly the use of average relative 

dose-intensities and published response rates to generate their conclusions, the study 

is considered by most investigators to have contributed soma data favoring of the 

existence of a dose-response relationship in breast cancer. 

Two important prospective studies have contributed information to the issue of dose- 
78 

responsiveness in breast cancer. A prospective trial conducted by Tannock et al 

randomized 133 patients with metastatic breast cancer to one of two dose levels of 

CMF (cyclophosphamide 300 mg/m2, methotrexate 20 mg/m2, and fluorouracil 300 

mg/m2 or cydophosphamide 800 mg/m2, methotrexate 40 mg/m2, and fluorouracil 600 

mglm2, each delivered on a repeating 21 day cycle). Patients randomly assigned to 

receive th8 higher dose levels of CMF had a higher response rate cornparad to patients 

mceiving the lower dose levels (response rate 30% vs. 11 %, P=0.03). In univariate 



analysis the group randomized to the higher dose levels also had a longer median 

survival compared to the group receiving the lower dose Ievels (rnedian survival 15.6 

months vs. 12.8 months, P=0.026 by logrank), although because of random between- 

group differences in certain prognostic factors the statistical significance of this survival 

difference was not maintaineci in multivariate analysis (p=O.12 using Cox proportional 

hazards mode!). Patients in this study not responding to the lower dose levels were 

crossed over to the higher dose levels, but of 37 patients M S S ~ ~  over to the higher 

dose levels, only one patient responded, and as such, this likely did not affect the 

outcome of the trial significanuy. The authors did not discuss how this group of 

crossover patients was dealt with in the analysis (e.g., by censoring outcornes at the 

point of uossover). The small sample size of this study likely preduded the ability to 

find significance in such a small observed (4  3 rnonths) difference in median survival. 

Finally. a prospective dinical trial conducted by the Cancer and Leukernia Group B. 

reported by Wood et alw randomized 1572 wornen with operable breast cancer to 

receive one of thme dose-intensities of adjuvant CAF. After a median of 3.4 yean 

follow-up, patients who had received either of aie two more doseintense levels of CAF 

had significantly longer disease-free survival (p<0.001) and overall suwival (P=0.004) 

compared to those randomized to the lowest level of CAF. However, the difference in 

outcome between patients receiving the two higher levels of CAF was not statistically 

significant Again, although a dear linear relationship behveen dose and outcome 

could not be unequivocally establishad, this trial fends some support to the concept of 

dose- intensity . 

In sumrnary, the demonstration of a dear doseresponse relationship in breast cancer 

in both the adjuvant and metastatic setangs has been diffcult, and in both retmspecüve 

and prospective studies, the data supporüng the existence of such a relationship has 



been weak in general. However. it is important to consider that some of these studies 

may have b e n  hampered by relatively simple problems such as sarnple sizelpower 

issues. and that al1 of these studies have dealt only with conventional levels of 

chemohempeuüc dose escalation (Le., dose differences of generally less Uian two 

fold). Themfore the possibility of achieving further dinical benefit fmm raising dose 

levels several fold cannot be excluded on the basis of this type of data. This clinical 

hypothesis is supported by the observation that resistance to alkylating agents (which 

are commonly used in high-dose chemotherapy regimens) can be overcome in both 

laboratcry and animal models by raising the dose levsls by 5 to 10 fo~d.~*'  

Since the effects of chemotherapy are relatively non-selective (Le., cause some degree 

of damage to both turnor cells and to normal host tissues/organs), the concept of 

significant dose escalation poses potential clinical problems. The tissues/organs most 

sensitive to the effects of chemotherapy are those which are rapidly dividing, such as 

the gastrointestinal tract, bone marrow. and skin. In considering the escalation of 

conventional dnrg doses by 5-10 fold, it would be expected that these organs would be 

subjected to a substantially increased degree and duration of toxicity. In particular, the 

bone mamw (which is the source of hematopoiesis or the generation of blood and 

immune cells) is the dose-limiting organ for most chernotherapeutic agents. As one 

escalates the dose@) of drug(s) delivered, the duration and degree of subsequent bone 

marmw suppression inmase substantially, resulting in an inueased penod of risk to 

the patient (in parücular from lifa-threatening infection and bleeding, resulting from 

lowered white blood œll counts and platelet counts respecüvely). These fisks could 

potentially be lcwered through the use of some physical andfor pharmacologie fom of 

hematopoietic support which could reduce the duration of bone marrow suppression 

resulting from high-dose chemotherapy. 



Ml l ' l ~  Uw d -topo- Progonitor Col1 Support for Patients Undergoing - -WY 

Th. d i e s t  report of thefapeutic marrow infusion came in f 939 involving a patient who 

ncsrveâ 18 ml of intravenous marrow fmrn his broaier as a treatment for aplastic 
Y 

a m m .  Fdlowing the use of the atomic bomb at the end of World War II, interest in 

diopmC&n pmmpted experiments dernonstrating that mice could withstand 

otherwise lethal exposure to total body irradiation by shielding the spleen (part of the 
89 90 

hematopoietic systern) or by infusing mamw post exposure. In 1959 hernatologic 

m v e r y  following syngeneic (identical twin) marrow transplantation for leukernia 

detnonstrated that a compatible marrow graft could rescue a human from the effeds of 
91 

lethal irradiation. These experiments suggested that hematopoietic pmgenitor cells 

with the potential for long terrn function cauld be hanrested from the bone marrow 

cornpartment and re-infused into individuals after they had received intense therapy to 

treat their disease. Recognition of aie importance of genetic compatibility, of certain 

transplantation antigens (the Human Leukocyte Antigen loci) and the development of 

potent imrnunosuppressive agents allowed investigaton to subsequently develop 

means by which marrow from geneücally non-identical individuals (allogeneic) could be 

used as the source of hematopoietic reconstitution. 

viii) Sources of tiematopoistic Progsnitor Cells 

The initial source of hematopoietic progenitor cells for transplantation was the bone 

rnanow, which uiuld safely be harvested from an individual under general anesthetic 
92 

from the pelvic bones. It was later discovered that hematopoietic progenitor cells 

capable of long term mgraftment cirailate at low levels in the periphenl blood, and 

that these cells could be colledeci (removed from We veins through a procedure knoum 



as apheresis) without the need to harvest bone rnarrow. lnitially these cells were 

cdlected methout any attempt to inuease their drculating number (non-mobilized). 
93 Q4 

however numerous aphereses were required. Subsequentiy, chemotherapy, 
86 

hematopoietic growth factors. or b ~ t h , ~  have b e n  used to augment the number of 

circulating progonitor cells for transplantation such that an adequate number of cells for 

a transplant can now often be collected with a single apheresisn Potential advantages 

of peripheral btood pmgenitor cells indude collection without the need for general 

anesthesia or repeated painful bone m a m  aspirations. diminished contamination with 
w.99 100 101 

tumor cells, accelented hematologic recovery, particulariy for platelets, and 

pefhaps some degree of immunomodulatory anti-tumor acüvity cornpared to bone 
102 

rnarrow. As confidence with the long-terni engraftment capability of pedpheral blood 

has grown, its use has generally expanded in most North Amencan transplant centres. 

ix) Autologous Transplantation venus Allogeneic Transphntation 

Based on the source of progenitor cells used, transplantation is wnsideced to be 

autologous or allogeneic. In autologous transplantation, the re-infused progenitor cdls 

can corne either from the patient% bone rnarrow (ABMT) or blood (peripheral blood 

progenitor œll transplantation. PBPCT). The major advantages of autologous 

transplantation indude the ready availability of a donor (the patient) for the progenitor 

cell product, the absencs of the need for immunosuppressive drugs (to allow the 

progenitor cell product to engmft in a genetically non-identical environment), and the 

absence of an illness known as graft-venus-host disease (discussed below). In 

allogeneic transplantation, the re-infused progenitor cells are derived from the bone 

marrow or peripheral blood of a genetically identical or genetically similar donor. The 

major advantages of alkgeneic transplantation indude the absence of tumour wlls 

within the graft (a recognised potential source of post-transplant relapse in the 



143,104 
autologous setüng), and the potential for M a t  is known as the graft-versus-tumour 

effect1= It has been consistently observed that patients with the same illness who 

undergo allogeneic transplantation (compated to autologous transplantation) have a 
106,107 

lower incidence of relapse of the prirnary disease. The hypothesis is that 

immunocompetent donor immune cells within the allograft can rewgnise host tumour 

wlls as k i n g  foreign. destmying them imrnunologically. Unfortunately the same 

immunocompetent donor cells also often recognise other normal host tissues as 

foreign. and can cause imrnunologically mediated injury to these tissues (in parücuiar, 

tissues from the gastmintestinal tract, liver, and skin); an illness known as graft-versus- 
108 

host disease. When severe, graft-venus-host disease can be fatal. In the future. 

identifiaaon/recognition of those subsets of T-cells responsible for graft-venus-host 

disease could allow allogeneic grafts to be "engineered" in such a way as to minimise 

graft-versus-host disease, mi le  rnaintaining the graft-versus-turnour effect. 

x) Eally Studies of HighDose Thenpy with Autologous Hematopoietic Progenitor 

Cell Transplantation in Metastatic Bmast Cancer 

Using the traditional approach to developing new dinical therapies, eady phase 1-11 

studies of high-dose chemotherapy/autologour hematopoietic progenitor cell 

transplantation (HDCT/AHPCT) for metastatic breast cancer were offered only to 

patients in whom no other conventional therapy was deemed likely to be of benefit. As 

such, patients generally had poor functional status, poor major organ fundon, and 

tumon that were refractory to CCT. Oespite this selection of a very poor prognostic 

subset of patients, results from the largest of these early trials suggested that a 

meaninghil proportion of such patients could respond to high-dose chemotherapy (table 

l).lOe*llo However it was consistently observai Mat complet8 responses were rare. and 

response durations were short, generally in the range of three to four months. Though 



interpretation is lirnited by the heterogeneity of these studies, trials using combinations 

of chernotherapy agents appeared to have higher response rates than trials using only 
111 

single agents. Sinœ patient selection for these early trials was directed at those who 

had been heavily pretreated, moitality rates of up to 20% were ob~erved.'~ 

Rer~poirso Duratkm .~----........,,--.-..-....------..-......*..... .-... " . . -  Ssbl ............-• " 

MDA MMC 15 O 40 *3months 20 109 

MDA CVP 32 23 61 4morithr 6 110 

MDA AMSA 16 O 13 ~4moriths O 112 

MDA=MD Anderson Hospital; UC= University of Chicago; 0-F =Dana-Farbeq 
MMC=mitomycin-C; AMSA= amsacrine; CT=cyclophosphamide, thiotepa; CBP=cyclophospharnide, 
carmustine, cisplatin; CVP=cyclophosphamide, etoposide, cisplatin 

The condstently reproducible observation of greater than expected response rates 

from these eariy studies led invesügaton to bring Viis oierapy to a better prognosis 

group of patients; those who had not received prior chernotherapy for metastatic 

disease, since they would be expected to be more tolerant of therapy, and achieve 

better response rates on the whoie than patients known to be refnctory to CCT. 

Patients generaly received a number of cycles of initial (induction) CCT, followed by 

HDCTIAHPCT. The largest trials enrolling patients of this type mporled overalt 

response rates of approximately 7û-90%. with cornplete msponses being seen in up to 



1161 11 
50% of patients (table 2). The median durations of response were generaly in the 

116,117 
range of 7-10 months, with toxic death rates between 5 and 30%.'" Two 

additional important dinical observations came from this senes of trials. First, it was 

noted aiat many patients who had achieved only a partial response to induction 
118,lf@ 

chemotherapy went on to cornpiete responses after HDCTIAHPCT, suggesting 

that cherno-mistance could indeed be ovemrne at higher doses. Second, it was 

obsewed that a pmpoftion of patients treated with HDCTIAHPCT appeared to be 

achieving stable long t e n  disease control, with up to 1520% of patients being free 

from evidence of progression or recurrence at periods of 2-4 yean post 
1 l 6 , ? l 7 , l ~  

treatment, hinting at the possibility that some of these patients might be cured 

by HDCT/AHPCT. 

UC CTB 46 44 71 7.5 morrthr 25963rsin 30 118 

O-F =Dana4 arbw UC= University of Chicago; 
C8P=cyclophosphamide, clrmustine, cisplatin; CT=cyclophosphamide, thiotepa; CTB=cyclophosphamide, 
thiotepa, camustine 



Pushing phase II studies to their limit, the next sefles of studies included the sekction 

bias of treaüng only patients who had responded to induction üterapy, based on the 

constant oncologic observation that 'responders" have the best outcornes with any 

parücular therapy." As expcted, the largest of these trials showed high overall 

response rates of 85100%, with complete responses being seen in 45.59% of patients 

(îabk 3).12'-'n Median time to progression was between 7 and 13 months. Again, a 

number of partial msponden became camplete responden after HDCTIAHPCT, and a 

number of long terni responden were seen, with 617% of patients free of progression 
121,122 

up to 5 years after treatment. 

IHHSL CMM 61 59 85 13 3 6 % S y m s  12 122 

0-F=Dana-Farbw IHHSL=lnstitute dtHernatologie, Hospital St. Louis; RM=Royal Marsden; 
CTCb=cyclophosphamide, thiotepa, carboplatin; M=melphaîan; CMM=cyclophospharnide, melphalan, 
mitoxantrone 

Finally during this period, various investigatofs reportad on several related issues. 

These included attempts to prolong responses by administering multiple cycles of 

H DCTIA H PCT, 
124.12s 

moving more toward peripheral blood as the source of 
128 127 

hematopoietic progenitw cells, moving treatments into the outpatient setting, 



mearuring health related quality of life issues,12' and attempting to identify prognostic 
129-1 32 

fadors associated with outcome in this setüng. 

In summary, a long and reasonably thoughtful evolution of phase 1-11 trials of 

HûCTIAHPCT in metastatic h a s t  cancer revealed much about the potential benefits 

of the treatment, but a la& of strong dinical science in Mal designs, and the iack of any 

randomked wntrolled trials had left further progress in this area stalled. Ongoing 

randomized trials were beginning to have difficulty accruing patients because of strong 

patient and physician biases favonng the use of HDCTIAHPCT. Interestingly, at this 

üme an altemate group of breast cancer physidans were beginning to express a strong 

negative view of this fonn of treatrnent. They claimed that the seemingly positive 

results of phase 1-11 trials in this area could alternatively be atûibutable to selection bias. 

This concept was very elegantly presented and quantified by researchers from the 

University of Texas MD Anderson Cancer Center at a major international oncologic 

meeting in Los Angeles in May 1 9 9 5 . ' ~  The authors preîented a carefully conducted 

retrospecühm review of the potential effect of selection bias on the outcome of patients 

with metastatic breast cancer treated with chemotherapy. This presentation utilized 

prospectively collected data on 1581 patients with metastatic breast cancer enrolled in 

previous doxorubidn-containing dinical trials. Using common eligibility aiteria for 

HDCT/AHPCT the authors determinad retrospectively which patients they felt would 

have been candidates (or non-candidates) for mis type of therapy. Response rates, 

progression-free sunrival, and overall sumival were analyzed and compared between 

those wnsidered 'candidatesa and those who were 'non-candidates". The resuits 

clearly demonsttated that those patients who would have been selected as candidates 

for HDCTIAHPCT had a better outcome than those who would not have been 

candidates, and that this outcome appeared to be ambutable entirely to selection bias. 

The inference was that the usual se ldon  critefia for transplant studies identified a 



group of patients wiai a betîer prognosis independent of therapy. ln this study, the 

fadon that accounted for the exdusion of candidates in the majority of cases were 

age, performance status, and response to chernotherapy. This study again brought to 

light the subtle biases and limitations of uncontrolled studies, and was subsequently 
134 

accepted for publication in a major peer reviewed journal. 

xi) A Randomized Trial of High-Dose Thenpy with Autologous Progenitor Cell 

Tnnrplrntrtion in Metastatic Breist Cancer 

The fint randomized controlled clinical trial cornparing HDCTIAHPCT to CCT was 

published in a peer-reviewed journal by Bezwoda et al frorn the University of 

Witwatersrand in South Africa in October 1995. '~ The objectives of the study were to 

compare respanse rates, duration of response, and duration of overall survival between 

gmups. Eligibility required patients to be s 50 years of age with histologically or 

cytologically confined metastatic breast cancer, no prior chemotherapy for metastatic 

disease, adequate end organ function as detemined by standard biochernical and 

imaging studies, and an Eastern Cooperative Oncdogy Group performance status of 2 

or better (appendix 2). Randomization was perfomed by a random number dosed 

envelope technique. Between January 1991 and Febniary 1993. 90 patients were 

randomized to receive either 6 cycles of CCT (cydophosphamide 600 mg/m2. 

mitoxantrone 12 mg/m2, vinuistine 1.4 mglmZ every three weeks) or to two cycles of 

HDCTIAHPCT (cydophosphamide 2.4 g/m2, mitoxantrone 35-45 mg/m2. VP-16 2.5 

glm2, repeated once at day 42). Patients were re-evaluated after each two treatment 

cycles of CCT, or at four weeks after each cycle of high-dose chemotherapy. Patients 

randomized to CCT who had objective evidence of tumor regression at 6 cydes 

received two additional cydes of the same chemotherapy. All responding patients in 

the trial received tamoxifen 20 mg orally daily until objective signs of progression. 



In this trial. the response rate for patients nndomized to HDCTIAHPCT was 955, with 

a complete response rate of SI%,  compared to a 53% response rate and 5% complete 

response rate for the wntrol group (P<O.Ol). The median duration of response for 

patients randomued to HDCTIAHPCT was 80 weeks compared with 34 weeks for the 

cuntrol gmup (P not given). Finally, the median dwation of suMval for patients 

randomized to HDCTIAHPCT was 90 weeks compared 45 weeks for the control 

gmup (P not given). The authon conduded that their high dose chemotherapy 

regimen appeared to be 'a promiring sdiedule that results in a significant proportion of 

complete responses and increased survival in patients with metastatic breast cancer". 

For several reasons that will be discussed in a later section, this trial was considered by 

most investigators to have lent some further credibility to the benefits of HDCT/AHPCT 

for this population, but not to have answered the question conclusively because of 

several methodologic limitations. 

At the present tirne, sevenl other randomized trials to evaluate the potential benefit of 
1 3  

this fom of therapy are being conducted, but because of ever increasing 

physicianlpatient biases toward high-dose therapy some of these trials may in fad not 

be able to be completed. In the best scenario, further mature randomized data is likely 

to be 3-5 years away. Nonetheless, there is a potential wealth of information contained 

in transplanted patients to date, and an appropriately designed retrospecüve analysis 

could still yield some important comparative prognostic and outcome information 

regardingethe effect of HDCTIAHPCT. 



The hypothesis is that a dinically demonstrable doseresponse relationship may exist 

for metastatic breast cancer, and that the existence of this relationship wuld be 

demonstnted by cornpanng relevant dinical outcomes for two fonns of therapy (CCT 

as wrnpared to HDCVAHPCT) in patients Ath metastatic breast cancer. The most 

easily measured dinical outcomes would be the duration of overall survival and the 

duration of freedom from relapse/progression (tirne to failure). lrnplicit in this 

hypothesis is Vie assurnption Mat both groups of patients are comparable with respect 

to the potential effect of various foms of selection bias. and that significant 

wnfounding variables which wuld affect outcorne have been measured such that their 

effect can be adjusted for in the analysis. 



The principal objectives of this study are to compare the duration of overall suwival and 

time ta first failure after beginning chernotherapy in patients with recurrent/rnetastatic 

breast cancer as influenced by the type of therapy received: H W A H P C T  versus 

CCT. Secondary endpoints indude 1) a confimatory analysis of pmgnostic facton for 

time to recunence, and prognostic facton in patients with metastatic disease, and 2) in 

the HDCT/AHPCT group, measurernent of the effects of factors such as treatrnent 

centre, the actual high-dose chemotherapy regimen used, the presence of bone 

mamw involvement with tumor at transplantation, and the source of progenitor cells 

(bone mamw venus penpheral blood) if possible on the above endpoints. 



i) Principal Study Design 

This study was designed as a comparative (retroopedive cohort) analysis of hw groups 

of patients with metastatic breast cancer; one group having received HDCTIAHPCT for 

their disease (the exposure, or experimental therapy group), and one group having 

received modem CCT with no progenitor cell support (no exposure, or control group). 

The period of time chosen for Vie study was Janwry 1991 to December 1995 such that 

a minimum of Iwo yean of follow-up time coutd have been observed for al1 patients in 

both groups. Patients were identified as study candidates using predetemined 

selection/eligibility cn-tena (discussed later). 

ii) Source of Subjects 

1) Experinnntrl Patients 

The experimental group was compiled from two existing separate datasets. The first 

experimental dataset consisted of patients who received HDCTIAHPCT as part of a 

pmspective phase II dinical trial nin at the University of Nebraska Medical Centre 

(UNMC). The principal investigators for this study were Dm. Elizabeth Reed and 

Stefano Tarantolo. The second experimental dataset consisted of patients who 

ieceived HDCT/AHPCT in four sequential prospecti-ve phase I or phase 1-11 trials at the 

Northeastm Ontario Regional Cancer Centre (NEORCC). The principal investigator 

for these trials was Dr. Stefan Gluck. 



2) Control Patients 

The Ottawa Regional Cancer Centre (ORCC) has a wide referral base of approximately 

one and one half million people. and sees appmxirnately 800 new cases of breast 

cancer annually (intemal data). After obtaining appropriate intemal institutional consent 

to collect ORCC patient related information. the population from which the cbntrol group 

would be seleded was identified. This population was defined as al1 patients referred 

to the ORCC who had been diagnosed with metastatic breast cancer and who had 

received diemotherapy for metastatic disease at some point dunng the chosen tirne 

period for the study. This population was generated using a computerized search 

strategy within the Oncology Patient Information System (OPIS). This population was 

then sampled through individual patient chart review to detemine those patients who 

would have been eligible for HDCTIAHPCT, but who received CCT for their illness (the 

control group). The indusion aiteria were designed to approximate as closely as 

possible the sarne physiologic/biologic type of patient as was represented by the 

experimental group to minimize the effects of selecüon bias. Also, to minimize the 

introducüon of any possible bias incurred by a temporal or sequenced selection of 

patients, chart numbers were selected at random using nurnbers generated from a 

random number table (generated using the randorn number function in Microsoft 

Excel). 

iii) Summry of Eligibility Cfiteria Ar Experirnental and Control Patients 

The following is a surnmary of eligibility requirements cornmon to all patients. Specific 

eligibility requirements for each treatment group may be found in appendices 4, 5, and 

6. 



Patients were required to have initial histologic confirmation of a diagnosis of breast 

cancer with evidence of recunent or metastatic disease, either by biopsy, or by 

appropriate imaging studies (0.g.. bone scans, CT scans showing unequivocal 

evidence of metastatic disease in the treating physician's opinion). Thent were no 

restrictions on gender. Patients had to be between 18 and 60 yean of age. Patients 

could be pre or post menopausal. Patients were allowed to have received pnor 

systemic adjuvant therapy (chemottierapy, hormonal therapy, or bath). Initial 

estrogen/progesterone receptor status was recorded where known. An Eastern 

Cooperative Onwlogy Group performance status (appendix 2) of 0-2 was required for 

eligibility. 

2) Physiologie Staturl Major Organ Function 

Patients were required to have adequate major organ function as dictated by the 

following parameten: 

Renal funcüon: Senirn creatinine < 120 rnmoVL (1.5 mg/dl) 

Hepatic fundon: Serum biliwbin < 28 mmoVL (2 mg/dl), and ASTIALT < 2x normal 
unless due to metastatic disease 

Pulmonary function: Flow rates/diffusing capacity 275% normal 

Cardiac function: Left ventricular ejection fracüon 2 50% 

If any prior cardiotoxic anthracydines, the total dose received must have been a 450 
mg/m2 for doxonibiun, and s 800mg/m2 for epirubicin. 

Hernatologic function: White blood c e H  wunt 2 3.5 x 1 O'IL 

Absolute neutrophil count 2 1 -5 x 1 O'IL; 



Neurologie Funcüon: Patients must not have had k n m  central nervous system (CNS) 
involvement (parenchymd or leptomeningeal) with breast cancer 

3) Comorbid 111nesses 

Any other medical problems (e.g., hypertension, diabetes) were required to be 

adequately controlled. 

4) Other Malignant Diseases 

Patients with a history of malignant neoplasrn aside from breast cancer were ineligible 

except for patients tmated wratively for basal or squamous cell carcinomas of the skin 

or carcinoma of the cervix in situ, or who had lived without relapse from any other 

curatively treated malignancy for more than ten yean. 

Patients who were seropositive for the Human lmmunodeficiency Virus (HIV) or who 

had dinical evidence of AlDS were ineligible. 

6) Infomwd Consent 

Patient deemed able to pmvide infonned consent for the study. 



Patients with measurablelevaluable disease were required to have at least stable 

disease (appendix 3) as demonstrated by some objective (i.e., measurable) or 

subjective '( i.e., pain or analgesic requirements) criteria in response to CCT (generally 

assessed afîer three !O four cycles of therapy). Patients who had undergone resection 

of a l  na imn t  disrase (e.0.. chest wall rewrrence, breast recurrence) pnor to any 

chemotherapy were staged as having no evidence of disease (NED) and were 

considered digible if they did not show evidence of any further recurrent disease during 

three to four cycles of subsequent chemotherapy. 

iv) Betwwn-Group OWemnces in Eligibility Criteria 

The major rnethodologic difference between selection of treatment groups was that 

patients in the experimental group had deteminations of eligibility made prospectively 

(i.e., prior to undergoing HDCVAHPCT) according to individual protocol specifications, 

whereas the control group, since they were selected rettospectively, had their eligibility 

deteminations made retrospectively (Le., after patients had received chemotherapy 

treatment). The most important implications of this difference between selection of 

study groups are discussed below: 

1) Performance Status 

Performance status was prospectively measured in al1 patients in the expeMnental 

group. In the wntrol group, because of the retrospecüve nature of seledion. it had to 

be infened somewhat arbitrarily based on dictated physician notes for each individual 

patient, using available comments (e.g., comments made regarding a partiwlar 



patient's general physical appearame, findings on physical examination findings, 

presence of symptoms, physical rnobility, etc.) which might imply a poor performance 

status for that patient. 

Since pulmonary function testing is not routinely perfomed in patients with metastatic 

breast cancer, this data was not available for the control group. As such, the best 

available surrogate measure of eligibility was to require that control patients have no 

documented history of signifiant chronic pulmonary disease (a-g., chronic bronchitis, 

ernphysema, interstitial fibrosis) and no chest radiograph findings which would be 

considered compatible with such diagnoses. Abnormalities in chest radiographs 

considered by the attending physician to represent metastatic disease (e.g., 

lymphangitic carcinornatosis) were not exclusionary. 

3) Cardiac Function 

At the point of detemination of eligibility, most control patients had not had recent 

radionuclide gated cardiac sans (to detemine adequacy of left ventricular function) 

perfomed. In most cases, the reason for this was that radionuclide gated cardiac 

scans had been don8 at the time of initial diagnosis prior to the patient receiving 

adjuvant (usually anthracydine based) chemotherapy. It was felt that in these 

instances two surmgate inclusion critena mnild capture an appropriate conml group 

with respect to cardiac function. For patients who had not had radionuclide gated 

carâiac sans perfomed or mpeated prior to their initial chemotherapy for metastatic 

disease, one of the following was required for eligibility: 



a) The patient must have had a previous normal radionuclide gated cardiac scan or 

echocardiograrn, and the patient must not have received cardiotoxic threshold doses of 

doxonibicin (2 450 mg/m2) or epi~bicin (2 800 mglm2). 

OR 

b) The patient must have had no history of cardiac disease and no abnomalities on 

chest radiograph compatible with cardiac disease (e.g., no radiogaphic evidence of 

puhonary edema or cardiomegaly). 

4) Evaluation of CNS Diseau, 

Patients in the UNMC study routinely underwent MRI scanning of the brain to exclude 

asymptomatic brain metastases. Patients in the Sudbury database were not required 

to have imaging studies of the head if they were asymptomatic. Similarly, the control 

group generally would not have undergone any routine imaging studies of the brain, but 

those who were symptomatic and had brain metastases or rneningeal carcinomatosis 

documented were exciuded from the study. 

5) HIV Testing 

Patients in both experirnental databases routinely underwent testing for HIV. The 

contml group did not have this testing perfoned routinely. 

6) lnlormed Consent 

Infomed consent was deemed to have been given by al1 patients in Me experimental 

grwps. In the control group, infoned consent had to be implied by virtue of the 

patient accepting chemotherapy. More recentiy the ORCC has required consent fons  



to be cornpleted by al1 patients undergoing any fom of chemotherapy, but this was not 

in practiui during the years defining the study group. 

Protocol mquirements generally dictated that patients in the high-dose chemotherapy 

groups undergo more tigorous (e.g., CT and MRI scans) and more rigorously timed 

assessments of response to treotment. Control patients generally had response 

assessments performed with more simple or routine tests such as ultrasaund 

examinations and chest mdiognphs. Responses in both groups were occasionally 

detemined without stria application of standard response critena definitions (0-g.. 

when non-rneasurable sites of disease such as bone were being evaluated), but these 

deteminations are unlikely to have been significantly differentially applied between the 

two groups. 

v) Study Patients 

Patients treated between January 1, 1991, and Decernber 31, 1995, fomed the study 

gmups. The UNMC dataset contained 86 patients over the pre-detamined period of 

eligibility. After the exclusion of patients who experienurd disease progression during 

indudion chemotherapy, and one patient who was not evaluable for response, the 

UNMC dataset cuntained 7 ï  eligible patients (Fig 2). 



Fig 2. UNMC Patient Eligibility 
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The NEORCC HDCTlAHPCT dataset initially consisted of 95 patients. After exduding 

patients who did not have metastatic disease (i.e., who mceived high-dose therapy for 

high-risk primary bmast cancer), and those who experienced disease progression 

during induction chemothenpy, aie dataset also consisted of 77 eligibb patients (Fig 3) 

for a total of 154 eligible HDCTlAHPCT patients. 

Fig 3. NEORCC Patient Eligibility 
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The ORCC (control) dataset was compiled from an initial population of 882 patients 

identified in the OPlS search. However, because of standard cuding practices in OPIS, 

the search algorithm unexpectedly retrieved a number of patients with axillary node 

positive disease (considered by OPE to be a site of metastases) at diagnosis but no 

subsequent distant metastases. Since these patients did not have distant metastatic 

disease they had to be manually excluded from the study. However aiere was no way 

to dearly separate these patients out by the OPlS search algorithm. The seleaion of 

controk therefore had to be performed by random review of this population of 862 

patients, manually exduding the above described patients (who had no distant 

metastases) as they were detected. Tirne limitations perrnitted a random review of 400 

charts from among the initial population of 862, and from those 400 charts, 235 

patients were identihed as having metastatic disease (Fig 4). 

Of these 235 potentially eligible control patients, nine had received HDCTtAHPCT at 

the NEORCC, and 12 had received high-dose chernotherapy (without progenitor cell 

infusion) as part of a local study protocol, and were therefore exduded from the CCT 

dataset. Six patients were excluded on the basis of not having received any 

chemotherapy for metastatic disease, 31 patients were excluded for non-response to 

CCT, and 16 patients were excluded for brain or CNS metastases. Twenty six 

additional patients (for a total of 79 patients) were deerned ineligible by the selection 

criteria established for the control group. The remaining 135 eligible patients made up 

the CCT group (Fig 4). 
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The exad number of patients excluded from receiving high-dose chemotherapy at 

UNMC and NEORCC for al1 of the above selection aiteria was not accurately known for 

two principal reasons. First, this type of data was not stncüy required to be recorded by 

either transplant centre during trial enrollment Second, in many instances, decisions on 

the part of prirnary a r e  ondogists may have prevented patients who were obviously 

not candidates for HDCTIAHPCT (e-0.. patients with brain metastases) from being 

referred to the centres for evaluation. However, for those patients who did receive 

evaluations for HDCTtAHPCT at Omaha, it was known that two patients were excluded 

for cardiac dysfundion, one for pulrnonary dysfunction. and six for asymptomatic brain 

metastases found on CTIMRI scanning. The rnajority of patients exduded for 0 t h  

reasons were for progression during induction therapy. For patients who received 

evaluation in Sudbury, it was known that one patient was refused HDCT/AHPCT for 

poor peffonnance status, two for cardiac dysfunction, two for lack of ability to give 

infomed consent, thirteen for progression during induaion chemotherapy, and that one 

patient dedded against HDCT/AHPCT after achieving a cornplete response to 

chemotherapy . 

vi) Tmatment Ptotocols 

1) UNMC Protocol (HDCTIAHPCT) 

Patients were referred to UNMC from other cancer centres (both local, and out of state) 

in the United States for considention of HDCT/AHPCT. Subsequent to confirmation of 

eligibility, patients genenlly received three to four cydes of initial CCT (tenned 

inductimon chemotherapy) followed by an assessment of response. Patients with at 

least stable disease, or more often a confimed response to CCT went on to receive 



high-dose therapy. Four patients with no dinically measurable/evaluable metastatic 

disease (e.g., where the only site had been reseded surgically, or where oniy bon8 

m a m  micrometastases wen detected) did not undergo any induction chemotherapy 

prior to receiving high dose therapy. Patients underwent pmgenitor cell collection using 

either unsümulated bone rnanaw, growth factor mobilized peripheral blood, or 

occasionally both as the souice(s) of calls. The selection of progenitor cell source was 

largdy dependent upon the chmnologic time of transplant (use of periphenl blood 

underwent a slow temporal evolution to overtake bons mamw as the more commonly 

accepted source of progenitor cells). Prior to 1993, bone rnarrow was used more 

commonly, although nat exdusively as the source of cells. From April 1993 onward, al1 

patients received peripheral blood progenitor cells as the source of hernatopoietic 

rescue. Patients were required to have had collected at least 2.0 x 108 mononuclear 

cells/kg by bone manow harvest, or 6.5 x 10' mononuclear cells/kg by peripheral blood 

apheresis prior to proceeding with H DCT/AH PCT. 

The high-dose chemotherapy regirnen was as follows: 

Cydophosphamide 1.5 g/m2/day intravenously as a continuous infusion for 4 days. 

Thiotepa 150 mg/m2 Iday intravenously as a continuous infusion for 4 days. 

Hydoxyurea 1.5 g/m2 orally q 6 houn for 12 doses. 

Progenitor cell infusion 72 houn after the last doses of thiotepa and 

cydophosphamide. 

Followi*ng progenitor cell infusion patients received empiric supportive care according to 

institutional standards to maintain adequate nutritional (enteral or parenteral nutriüon), 

hematologic (prophyladic red cell and platelet transfusions to maintain adequate 

hemoglobin and platelet levels), and antirniaobial (empiric antibiotics for fever and 



neutropenia, adjusted appropriately based on culture msub) support. Other supportive 

care measures (e.g.. namtics for mouth pain or mucositis, anti-dianheal medication, 

intravenous fluids for dehydration) were given as required. 

Foltowing ncovery, patients rernained under the care of the transplant centre until 

hernatofogically and nutritionally independent, at which time they were discharged from 

the cancer centre's care. Complete re-staging was pdomied at UNMC at 100 days 

port transplant, and patients were then retumed to the full time care of their refemng 

medical oncologist. Continued follow-up for progressionlrelapse and survival 

information was obtained by interval contact with refemng physicians. Patients who 

had not had an event (relapselprogression or death) at last contact were censored for 

that outcorne in the database. The database was last updated June 1996. 

2) NEORCC Protocol (HDCTIAHPCT) 

Patients were referred to Sudbury Ontario for HDCTIAHPCT from local cancer 

physicians and from other provincial regional cancer centres. Subsequent to 

confirmation of eligibility uiteria, patients m'th any evaluable/measurable disease 

generally received three cycles of induction chemotherapy followed by an assessment 

of response. Patients with no measurable/evaluable metastatic disease (e.g., where 

the only site had been resected surgically or treated with radiotherapy) still undement 

induction chernotherapy, and went on to HDCTlAHPCT if no new sites of disease 

appeared during the period of induction chemotherapy. After confirmation of a 

response to CC1 (at least symptornatic if no obvious change on imaging studieo, e.g., 

bone scans or plain ndiographs of bone), al1 patients underwent peripheral blood 

progenitor cell collection (generally using one cycle of FAC chemotherapy (5- 

fluorouradI, doxonibicin, cyclophosphamide) followed by hamatopoietic growth factor 



mobilization with granulocyte wlony-stimulating factor (GCSF). Bone mamw was not 

used as a soune of hematopoietic pmgenitor cells for any patients in the Sudbury 

database. Patients were required to have had collected at hast 2.0 x 10' mononuclear 

ceilsikg, or 2.0 x 10' CD34 positive cellskg by peripheral blood apheresis prior to 

proceeding wîth HDCTIAHPCT. 

Sudbury patients were treated on a variety of high-dose chernothenpy protocols over 

the study period: 

Regimen 1: 

Cydophopsphamide 3 g/m2/day intravenously for 2 days. 

Mitoxantrone 23 mg/m2/day intravenously for 3 days. 

Vinblastine 12 rng/m2 intravenously as continuous infusion over 5 days. 

Regimen 2: 

Cyclophopsphamide 3 g/m2/day intravenously for 2 days. 

Mitoxantrone 23 mg/m2/day intravenously for 3 days. 

Carboplatin 800 mg/m2 intravenously for 1 day. 

Regimen 3: 

Cydophopsphamide 3 g/m2/day intravenously for 2 days. 

Mitoxantrone 23 mg/m2/day intravenously for 3 days. 

Paditaxel250-450 mglm2 intnvenously for 7 day (phase 1111 study). 

Regimen 4: 

Cyclophopsphamide 3 g/m2/day intravenously for 2 days. 

Thiotepa 500 mg/m2 intnvenously for 1 day. 

Carboplatin 800 mg/m2 intravenously for 1 day. 



Progenitor wll infusion 48-72 houn post chernotherapy, depending on chernotherapy 

regimen. 

Pmgenitor wll infusion was followed by empiric supportive care to maintain adequate 

nutritional (enteral or parenteral nutrition), hematologic (pmphylacüc red cell and 

platelet transfusions to maintain adequate hemoglobin and platelet levels), and 

antirniaobial (empiric antibiotics for fever, adjusted appmpriately based on culture 

results) suppoR Other supportive care (e.g., namtics for mouth pain or mucositis, 

anti-diarrheal medication, intravenous fluids for dehydration) were given as required. 

All supportive care procedures followed institutionally accepted standards. 

Following recovery, patients remained under the care of the transplant centre until 

hematologically and nutritionally independent, at which time referred patients were 

discharged from the cancer centre's c m ,  and retumed to the full time care of their 

referring medical oncologist. Continued follow-up for relapse and survival information 

was obtained by interval contact with refemng physicians. Patients who had not 

relapsecVprogressed at last contact were censored for this outcorne, as were patients 

who were still alive at last contact (last updated June 1997). 

3) ORCC Protocols (CCT) 

Patients were genenlly referred to the ORCC through local referral channels (primary 

care physicians, general intemists, general surgeons, and subspecialists). The vast 

majority of patients had been refemd at initial diagnosis, prior to the development of 

any metastatic disease. Subsequent to confirmation of eligibility criteria, patients with 

any evaluable/measurable disease received CCT with an assessment of response 



generally perfoned after three to four cycles of therapy according to the treating 

physicians usual standard of Gare. Patients with no measurable/evaluable metastatic 

disease (e.g.. where the only site had k e n  resected surgicdly, or treated with 

radiothempy) who underuvent CCT after medion or radiotherapy were considered 

'respondemn if no new disease appeared over the first foui cycles of chemotherapy. 

The approach ta chemothempy was at the disuetion of the treating physicians. 

However, a cornmon approach would often be as followir: 

For patients who had rewived prior adjuvant chemotherapy, the following four 

regirnens and general dosage accounted for the vast rnajority of chernotherapy: 

Oral CMF: (repeated at four week intervals): 

Cydophopspharnide 1 00mg/m2 orally day 1 to day 14. 

Methotrexate 40 mg/m2 intravenously day 1, day 8. 

CFfuorouracil600 rnglm2 intravenously day 1, day 8. 

lnttavenous CMF (repeated at three we8k intewals): 

Cyclophopsphamide 600mg/m2 intravenously day 1. 

Methotrexate 40 mg/m2/day intravenously day 1. 

5-Fluorouracil 600 mglrn2 intravenously day 1. 

Intravenous FAC: (repeated at three week intervals): 

Cydophopsphamide 500mg/m2 intravenously day 1. 

Doxorubicin 50 mg/m2 intravenously day 1. 

5-Fluorouradl500 rng/rn2 intravenously day 4 .  



lntnwenous FEC (repeated at three week intewals): 

Cyclophopsphamide 500mg/m2 intravenously day 7. 

Epirubicin 50 mg/m2 intravenously day 1. 

bFluorouraul5W mg/m2 intravenously day 1. 

If a patient had not reœived prior adjuvant therapy, the fint line metastatic treatment 

was most often anthncydine based (FEC or FAC), although a few patients were 

treated with CMF. 

C) For patients who had received anthncydine based therapy in the adjuvant setting 

the first line metastatic chemotherapy was most often single agent paclitaxel (125-175 

mg/m2) intravenously or docetaxel (100 rng/m2) intravenously every three weeks. 

Other relatively common chemotherapy regimens induded vinorelbine, 5- 

fluorouraciVfolinic acid, 5-fluorouracil/folinic acid/mitoxantrone, etoposide/cisplatin, and 

mitornycin-Clvinblastine, al1 given in conventional dose ranges and schedules. The 

duration of chemotherapy (number of cycles) was at the tfeating physician's discretion 

(median = 6), and generally depended on tolerance of therapy as well as ongoing 

response to therapy. 

Patients received empiric supportive care as required (e.g.. antibiotics for infection, red 

cell and platelet transfusions as required to maintain adequate hemoglobin and platelet 

levels) at the treating physician's discretion. Other supportive care (e.g., narcotics for 

pain, radiotherapy for nodal areas or painful lesions) was also used as per usual 

standards of me.  



For the purposes of data collecüonlevaluation, CCT patients were followed using fully 

didated/typed progress notes, blwdwork, and the results of radiologie investigations, 

noting the fint appearance of either progression or rewrrence as indicated by the 

treating physician or by imaging studies. Patients wem followed through until death or 

last follow-up, and were censored for the purposes of analysis M e n  the event of 

interest had not ocairred at last follow-up, with data having been followed through until 

August 1997. 

vii) Data Colkction/RetrievaUCompilation 

1) UNMC Databaw 

Data in the UNMC database was collected by a single dinical nurse transplant 

coordinator woking with Dm. Reed and Tarantolo. Data was gathered for each 

individual patient using source documentation (pathology reports, radiographs and 

radiograph reports), histoficaUpenonaVhealth information supplied by the patient and 

refemng physicians, and by tebphone contact subsequent to discharge from UNMC as 

required. For each patient, the data was cornpilad into a separate UNMC patient 

research chart, and was subsequently entered into the UNMC database by specific 

trained data management personnel. Data was coded as per institutional specifications 

and enteredlmanaged using SAS software. 

Data from the UNMC database was received as an ASCII text file without delimiters, 

and wnverted to Mimsoft Excel format for al1 further manipulation. lmporting this data 

into ExceI involved setüng up multiple column delimiten for multiple variables and 

muitiple pages of data. This process required a substantial degree of editing. As this 

could have inaeased the probability of error, each data value for each patienthariable 

* 

44 



was checked against an original unmodified printed version of the database to ensure 

accuracy of the data imporüngfediting procedure. Existing data was then reviewed and 

summarized to create new variables (genenlly categorical) to indude data which had 

been entered in text formats (e.g., prior therapy, sites of metastatic disease). All new 

variables cteateâ in this format were twice verified for accuracy of entry. 

2) NEORCC Database 

Data from the NEORCC database was collected by individuals working in the NEORCC 

dinicd trials department. Again data for each individual patient was gathered using 

source documentation, information supplied by patients and referring physicians, and 

subsequent telephone contact as required. For each patient, the data was compiled 

into a separate patient research chart, and trained data management personnel 

subsequentiy entered this data into the NEORCC database. Data was coâed as per 

institutional speufications and stored on the Medlog database system. 

Data from the NEORCC database was received from Medlog as a delimited ASCII text 

file, which meant that no significant column/variable editing was required in ainverüng 

the file to the Microsoft Excel format. Again al1 existing data was reviewed and 

summarized to m a t e  new variables to include data that had been received in text 

formats. All new variables created in this f o m t  were twice verified for acairacy of 

entry. 



Data in the ORCC database was collected by the master's student Some initial chart 

screening was perfomed by a summer student working in the ORCC (see 

acknowledgments). After random seledon of an ORCC patient chart (see study 

designfmethodology), the chart was reviewed for eligibility aiteria. Charts meeting 

eligibility mquirements were #en chedced for cornpleteness of information (e.g., for 

adequacy and duration of follow-up, dates of progression. death etc). Data from 

eligible patient charts containirig complete follow-up infomation was then recorded on 

separate individual patient data sheets (appendix 7) containing as much information as 

possible that was cornmon to the other two databases. 

This data was then entered into Microsoft Excel in generally in numerical (continuous 

and categon'cal) format. Data entered was verified by double checkhg each complete 

patient record after entry. 

4) Final Common Database 

Each institution's database was generated on a separate page within a Mimsoft Excel 

file, and all three were then ~ c o d e d  where required and combined ont0 a single page 

to produce a final cornmon variable format. All continuous variables were captured 

and/or calailated (e.g., outcorne times, patient ages) in their original continuous form, 

and were not altered in any way. All durations of time (age at diagnosis, age at 

chernothenpy, disease-free interval, time to failure, and overall survival) were 

calculated using calendar dates, with calculations having been rounded off to the 

neareot tenth of a month. Dates were entered in the format daylmonthiyear, and al1 

date math was prfomed within the Excel spreadsheet. 



viii) Viriabks Contained in th. Combined Databasa 

The final combined database contained data which was available and cornmon to 

patients from al1 thrw datasets. The cornpiete variable list and descripton (with codes) 

for each variable is contained in appendix 8. 

ix) Outconn Variabk üefinitions and Time Points for Analyses 

Overall survival was measured ftorn the time of disease recurrence until the occurrence 

of death from any cause. Patients not known to have died were censored for this 

outcame at last known foliow-up. 

Time to failure was measured from the time of initiation of chemotherapy until the 

occurrence of any one of the following events: 

1. Recurrence of disease after having achieved a complete remission. 

2. Recurrence of disease for patients who had no evidence of disease (NED) at the 

initiation of chemotherapy . 

3. Progression of disease after achieving a partial remission. 

4. Death from any cause. 

Patients not known to have had any of aiese events were censored for this outcome at 

the point of last known follow-up. 

SuMval after HDCTlAHPCT was measured fmm the point of initiation of HDCTIAHPCT 

until the occurrence of death fmm any cause. Patients not known to have died were 

censored for this outcorne at last known followup. 



Figure 5 demonstrates a hypothetical tirne line of typical disease and therapy related 

events for a patient with breast cancer from diagnosis through recurrence and death. 

lnduded in the figure are graphic illustrations of outcorne variables and points of 

execution of various prognostic analyses (se8 section V., statistical analysis). 

The prognostic analyses for overall survival and time to failure at the point of initiation 

of chernothenpy utilued sites of disease at the initiation of chemothenpy as well as 

prior Veatment nlated information such as the use of prior adjuvant diemotherapy , 

prior adjuvant hormonal therapy, and prior metastatic hormonal thenpy. 



Fig 5. Outcome Variables and Points of Execution of - 
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Categorical data was captured and coded using numeric values, with appropriate 

textldiarader references for each variable beinp entered simultaneously into the 

vanous statistical software packages which were used to collect and analpe the data. 

Within-group descriptive statistics (e.g., frequency distributions, and median values) 

were generated using standard descriptive statistical algorithms. 

ii) lnferentipl Statistics 

1) 8etweenOroup Univariate Comparisons: Baselino Variables 

Univariate comparisons of baseline variables were performed using chi-Square 

analyses in the case of categorical variables, and the Studentts t-test or Mann-Whitney 

U-test as appropriate for continuous and ordinal variables. 

2) Betwwn-Gioup Univariate Comparisons: Outcomr Variables 

Time to event data (overall survival, time to failure) was ~ a l y ~ e d  using the product-limit 

method of Kaplan and ~eier . '~ '  For between-group compa~sons of time to event 

endpoints, univariate comparisons were camed out using logrank tests on Kaplan- 

Meier plots. 



Tirne to *vent data weo analyzed using the Cox proportional hazards rnodaf' with 

forward stepwise regression to adjust for the effects of multiple confounding variables. 

Auumptions unâailying the Cox Proportional Haurds Model 

The Cor proportional hazards model is used when timeto-response data is influenced 

by the presence of other variables (covariates) and contains a number of underlying 

assumptions: 

The model assumes that death rates may be modeled as log-linear functions of the 

aforementioned covariates. The hazard function is represented by the following 

equa tion: 

A hazard is defined as the instantaneous rate of occurrence of an event at tirne Y 

given that the event has not yet occurred up to time Y. The expression h~(t) represents 

the hazard function for an individual in whom the value of the wvariate z is O. BI 

represents the regression coefficient for the covariate zr. The fint assumption of the 

Cox propartional hazards model is that the relationship between the underlying hazard 

function and the effect of a covariate is multiplicative (log-linear). The second 

assumption is that the effect of a covariate is not time dependent, and remains 

proportional over time. 



The proportionality assurnption can be tested by plotting the log(-log(S(t))) venus log (t 

for each lsvel of covariates. If the proportionality assumption is valid. the lines should 

be parallel. For this thesis, the proportionality assumption was not tested for each 

analysis; rather, one log minus log plot was generated for estrogen receptor positivity 

and overall survival (appandix 9). With these underlying assumptions. the following 

major analyses wera carried out (see also Çig 5, p 49): 

a) Analysis of predicton of time to initial rewrrence (univariate and multivariate). This 

analysis was perfomed largely to help confirm the validity of the database by 

cornparing the results to previously reported literature. 

b) Analysis of predictors of overall survival (univariate and multivariate) from the initial 

point of metastatic disesse. This analysis was also perfomed largely to help confimi 

the validity of the database by cornparhg the results to previously reported literature. 

c) Analysis of predictors of overall survival (univafiate and multivariate) at the time of 

initiation of chemotherapy, including the measurement of the independent effect of 

treatrnent (CCT versus HDCT/AHPCT) on overall survival. 

d) Analysis of predicton of time to failure (univariate and multivariate) at the time of 

initiation of chemoaierapy, with and without the independent effect of treaûnent (CCT 

versus HDCT/AHPCT) on the probability of failure over time. 

e) Analysis of predictors of survival after transplantation (univariate and multivariate), 

both at baseline, and induding the effect of several potentially important transplant 

related variables (e.g.. treaûnent centre, 'chemotherapy regiman, and source of 

progenitor cells). 



All univariate statistics reported in the multivariate analysis tables (tables 6, 9, 10. 11, 

12, 14, 15) wem generatad by using the unadjusted P values given by the model prior 

to oie occurrence of any stepping. Conceptually this would be equivalent to ninning a 

univariate Cox proportional hazards analysis for each variable. 

iU) Sampk Sua Calcuiation 

Assuming a median survival of two years for conventionaliy treated patients, the ability 

to show a 20% absolute increase in survival at two years for patients treated high- 

dose therapy (allowing for a type I erroor of 0.05 and a type II error of 0.10) would 

require a total sarnple size of approximately 280 patients, or 140 patients per group 

(based on a two group cornparison). Although 150 patients in each group were 

planned for the study and analysis, the available number of control patients fell slightly 

short of this number. 

iv) Statistical PackagerlSoftware 

Statistical packages and software uülized induded Microsoft Office (random number 

genention, spreadsheet ueation, datemath), BMDPNS for PC version 1 .O (univariate 

descriptive and inferential statistics), BMDP Classic (life table analysis calculations, Cox 

proportional hazards regression analyses), Graphpad Prim (graphical renderings of 

KaplanaMeier cunres), and Power (sample size calculation). 



Table 4 reveals the baseline characteristics of the patients fmrn UNMC (HDCTfAHPCT) 

and NEORCC (HDCTIAHPCT) w*th respect to primary disease characteristics (i.e., at 

initial diagnosis). There were no significant baseline differences between the two 

groups of patients with the exception of prior adjuvant therapy. Fewer NEORCC 

patients had received adjuvant chernotherapy (P=0.027), but more had received 

adjuvant homione therapy (P<O.OOi) in compatison with the UNMC patients. Only the 

latter observation would be considered statistically significant after adjustment for 

multiple testing. 



Sudbury 
(HOCTIAHPCT) 

HûCTIAHPCT=high-âose chemotherapy/autobgous hernatopoietic progenitor cell 
transplantation; CCf=conventional chemotherapy: lQR=iriterquartile range; NA=not applicable 



Table 5 combines the two experimental groups into one HDCTIAHPCT group and 

displays the baseline charocteristics of the experimental and control groups with 

respect to primary disease. There were some notable differences betuueen the two 

groups with respect to pnmary disease characteristics. The HDCT/AHPCT in general 

was slightly younger at diagnosis. and contained a slightly greater proportion of 

patients with stage III disease. Patients in the HûCTiAHPCT group were also more 

commonly estrogen and progesterone receptor negative but despite this tended to 

have received more adjuvant hormonal thenpy in cornparison with the CCT group. 

Again. after adjustment for multiple testing, only age at diagnosis and the proportion of 

patients with estrogen receptor positivity would be considered statistically significant. 



I 
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116 

Unknown 17 (1 1) 
Adjuvant Chmotharapy N (%) 

I k m  
CMF M 
Anthrrcycline based 37 (24) 

Adjuvant Hamiona Therripy N (%) 
No 7 17 (76) 
Y88 37 (24) 

CCT 

HDCT/AHPCT=higMose chemotherapy/autologous hematopoietic progenitor cell 
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ii) Prognostic Factors for Time to Recurrence (Diserse-Çm Interval) 

As the rearrrence of breast cancer can be predicted by various prognostic fadon 
193.27,- 

previously citeû in the literature, an analysis of prognostic factors for time to 

recunence was penomed using 238 patients for whom cornplete baseline data was 

available (table 6). Multivariate analysis was perfomed using the Cox proporüonal 
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hazards model with fornard stepwise regression. Since h is  analysis was designed to 

identify prognostic factors for a shorter time to recurrence, disease-free interval was 

used as the time dependent outwme variable. As al1 patients by definition had 

experienced an initial recurrence of disease, no patients were censored for this 

analysis. 

Expkratory analyses for the presence of interaction ternis wem perfomed on variables 

with an independent effect on time to recurrence. These analyses revealed no 
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signifiant interaction between age and homone rewptor status, stage and homone 

receptor status, or between age and advancing stage. 

iii) Biselino Characteristics of Gmups at Recumnoo 

Tables 7 and 8 display the chancten'stics of the study grwps after the developrnent of 

rewrrentlmetastatic disease. Table 7 reveals the characteristics of the patients from 

UNMC (HDCTIAHPCT) and NEORCC (HDCTIAHPCT). Although there appear to be 

differences between the two groups with respect to nurnber of metastatic hormonal 

thenpies received prior to beginning chemotherapy, and the proportion of patients with 

lung and pleural involvement, none of these differences are considered statistically 

significant after adjusting for multiple testing. 
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Table 8 combines the two experimental groups into one HDCTIAHPCT group for 

cornparison Ath the CCT group. After adjusting for the effect of multiple testing, some 

differences between the two groups wntinued to be evident. The HDCT/AHPCT group 

on average were younger at the point of beginning chemotherapy, had received fewer 

hormonal therapies for rnetastaüc disease, had fewer sites of disease, and contained a 

smaller proportion of patients with liver metastases and with locoregional disease. 
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iv) ûvenll Survivrl Outcomes 

1. Ovsnll Survivrl; Ail Patients 

The median survival of al1 patients after aie development of recurrent/metastatic 

disease (Fig 6) was 27.4 months (95% confidence interval [Cl]=25.633.1 months). 

Fig 6. Ovrrall Survival +om Metastases; 
All Patients 
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2. Prognostic Factors for OvefaIl Survival at Development of Metastatic Oisease 

Prognostic fadon that were predicüve of a longer ovml l  survival at the initial point of 

metastatic disease are provided in table 9. This analysis therefore excluded al1 

variables related to treatment of metastatic disease, and sites of metastatic disease 

mpresent sites of disease a aie initial appearance of metastatic disease. This analysis 

was wnducted on 213 patients (Ottawa and Omaha patients), as the initial sites of 

metastatic disease were not available in the Sudbury database. Multivariate analysis 
61 

using the Cox proportional hazards model with foiward stepwise regrassion revealed 

that progesterone receptor posiüvity, the presence of bone metastases, and the 

presence of locoregional disease were all independent predictors of longer survival. 

whereas prior adjuvant chemotherapy, prior adjuvant hormone therapy, liver 

metastases, and an increasing nwnber of sites of disease were al1 independent 

predictors of a shorter survival. 



HR = hazard ratio; SE = standard error; 95% CI = 95% confdence interval; 
NC=not calculateci by BMDP software 
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Exploratory analyses were performed on variables with known or hypothesized 

interacüons. The results of such analyses revealed the presence of an interaction 

between initial stage and adjuvant chemotherapy (Hazard Ratio (HR]=1.34, 

95%Cl=l.Z3-1.45, P<O. W l), initial stage and adjuvant hormonal therapy (HR=l.36. 

95%CI=1.22-1.50, P<O.OOl), and disease-free interval and progesterone receptor 

positivtty (HR=1.02, 95%CI=1.00-104, P=O.û43). 

3. Effect of Treatment an Overall Survival with Metastatic Disease 

When grouped by treatrnent (Fig 7) the median survival of patients treated with CCT 

was 25.6 months (95% CI = 23.1-33.2 months), and for patients treated with 

HDCTIAHPCT was 28.1 months (95% CI = 26.4-36.1 months). This difference was not 

statistically significant by univariate testing (unadjusted P = 0.39 by logrank). 



Fig 7. Overall Sunrival by Treatment Group 

Using the Cox proportional harards mode? with forward stepwise regression analysis 

to adjust for the effeds of muîüple potential confounding variables, a highly significant 

treatment effect emerged in favor of HDCTfAHPCT for overall survival (HR=0.62, 95% 

CI=0.27-0.97, P=0.008). Other variables that had an independent prognostic effect on 

overall survival are shown in table 10. Disease sites in this mode1 indude sites of 

disease at the time of initiation of chemotherapy. 



(Mutêivrriato) (Muîtivrriate) 1 

HR=hazard ratio; SE=standard enor; 95% C1=95% confidence interval: 
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Exploratory analyses for the presence of interaction tenns between treatment and other 

independently significant variables revealed the presence of an interaction between 

treaûnent and response to chemotherapy (HR=2.08, S5%Cl= 1.59-2.57, P=0.003). 

1. Time to Failum; rll Patients 

The median duntion of time to failure for al1 patients after chemotherapy (Fig 8) was 

12.4 monttis (95% CI = 1 1.2-14.3 months). 

Fig 8. Time to F ailure; 
All Patients 



2. Pmgnostic Fadon for Tinn to Failun after lnitiating Chemotbnpy 

Using the Cox proportional hazards rnoder and fornard stepwise regression analysis 

to adjust for the effects of multiple potential confounding variables (exduding type of 

treatrnent), those variables which had an independent effed on time to failure were 

detennined and are show in table 11. 

(Univariate) 1 (Muhivariate) 1 (Muîtivariate) 1 1 
1 I 1 

HR=hazard ratio; SE=standard emc 95% C1=95% confidence interval; 
NC=not calculatecl by BMDP software 



3. Effect of Treatment on Time to Failure 

When grouped by type of treatment (Fig 9) the median time to failure for patients 

treated with standard chemotherapy was 9.8 months (95% CI=8.811.4 months). and 

for patients treated with high-dose chemotherapy was 15.6 months (95% Cl=13.&19.7 

months). This difierence was statistically signifiant in univariate testing (unadjusted 

P=0.005 by logrank). 

Fig 9. Time to Failure by Treatment Group 
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The variables representing "treatrnenr and 'status after chemothenpy" were then 
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added to the analysis, and again the Cox proporüonal hazards model was used to 

determine whether or not this univariate effed of treatment remained statistically 

significant in the multivariate model. This analysis revealed that a highly significant 

treatment effect in favor of high-dose therapy remained (HR=0.54. 95% C1=0.24-0.84. 



P+O.Wl). ôther variables that had an independent prognostic effect on time to failure 

in this madel are show in table 12. 
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When the variable representing treatment was added. the significance of the variaMe 

iepmsenting number of sites of disease was reducad considerably (P=O.098). It was 

recalled at this point that the rnedian number of sites of disease was fewer in the 

HDCTIAHPCT group. Since treatrnent allocation was not randorn, this disparity 

between study gmups (number of disease sites) could have represented the existence 

of a fom of confounding or bias involving the selecüon of a particular therapy and the 

number of sites of disease. In othe: words, physicians may have (consciously or 

unconsciously) selectively referred patients with fewer sites of disease more often for 

HDCT/AHPCT, thinking they would be the best candidates for this type of therapy. In 

an attempt to separate out this possible factor, a series of stratified analyses were run 

to see if eliminating variability in the potentially confounding variable (number of 

disease sites) affected the independent significance of the effect of treatment. This 

analysis could only be perfomed for a lirnited set of strata (one and two sites of 

disease, representing 75% of all patients) because of powerlsample size restrictions 

caused by the distribution of patients in the other strata. Oespite this, in both cases 

elimination of the variability in number of disease sites did not significantly affect the 

independent significance of treatment (table 13). This suggests that the effed of high- 

dose therapy is not explained by the existence of selaction bias (on the part of 

physicians) based on the nurnber of sites of disease. 



HR=hazard ratio; SE=standard error; 95% CI = 95% confidence interval; HDCT/AHPCT=high- 
dose chernotherapy/autologous hematopoietic progenlor cell transplantation 

(HDCTIAHPCT) 

vi) Survival after HDCTfAtiPCT 

(HDCTlAH PCT) 

The median duration of survival after HDCTIAHPCT (Fig 10) was 16.5 months (95% 

Cl= 1 3.7-2 1.7 months). The median overall survival after transplantation for patients 

treated in Omaha was 15.3 months (95% Cl=12.2-23.5 months) and for patients treated 

in Sudbury was 16.3 months (95% C1=13.&25.6 months). There was no statistically 

significant difference in duration of survival after transplantation when analyzed by 

centre (Fig 71, P=0.70 by logrank test). The effect of centre remained statistically 

insignificant in multivariate analysis (P=O.65). The independent effed of various 

disease related variables on outcome after transplantation are show in table 14. 



Fig 10. Suwival after HDCTIAHPCT; All Patients 
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vii) Prognostic Factors For Suwival after HDCTIAHPCT (including transplant 

related variables) 

VariaM. 
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The multivariate mode1 was reiun including the effed of centre. conditioning (high- 

dose chemotherapy) regimen, the presencelabsence of bone marrow involvement at 

the time of HDCT/AHPCT, and infused progenitor wll product (bone rnarrow venus 

peripheral blood versus both) (table 15). None of these additional transplant related 

variables had a significant influence on survival post transplantation. 
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This mtrospective cohoct study has attempted to measure the effect of HDCT/AHPCT 

as cornpared 4th CCT on the overall suwival and tirne to failure for patients with 

metastatic bmast cancer. Recogniring limitations of this study design, al1 possible 

attempts were made to minirnize possible sources of selecüon bias, and between-group 

difierences in al1 known confounding/prognostic factors were adjusted for in the 

analvses using multivariate techniques. ln one instance (the effect of treatment on time 

to failure), the use of a stratified analysis was employed to nile out the possibility of an 

effed of setedion bias on a confounding variable (number of sites of disease). 

Calculations of median duration of suwival, as well as deteminations of independent 

prognostic factors for both recurrence of disease and for survival after recurrence of 

breast cancer are in general agreement with the published literature, lending some 

degree of credibilitylvalidity to aie overall content of the database. From an 

experimental standpoint, the results of this study suggest that the use of HDCT/AHPCT 

is associated with a beneficial effect on both overall survival and time to failure as 

compared to CCT, and that this effect is independent of known prognostic factors, as is 

discussed below. 

i) Pmgnostic Factors for Tirne to Recumnce (Direase-fm Interval) 

Although age at diagnosis, number of positive axillary lymph nodes, initial dinical stage, 

and both estrogen and progesteme rewptor status were al1 statistically significant in 

univanate analysis, only advanung initial dinical stage (conferring an inueased risk; 

HR=1.58) and progestemne receptor positivity (confemng a protecüve effect; HR=0.77) 

retained statistical significance in multivariate analysis (table 6). Advanung age was of 



bordedine statistical significance (HR=l .OZ, k0.055). The dimination of number of 

positive axillary lyrnph nodes as a variable with independent significance reflects the 

fact that axillary lymph node status is incorporated into dinical staging. These findings 
10,26,27,;#32 

are in general agretement with previously reported literature, however previous 

pmgnostic studies have concentrated more on the influence of estrogen receptor 

status, offen ignoring the effect of progesterone receptor status. ln this study, receptor 

status was an independent prognostic factor for outcorne in every analysis but one. In 

several of Vie analyses however, pr0gestefOne receptor status appeared to 0vem'de or 

replace the significance of estrogen receptor status. A careful review of the distribution 

of receptor status reveals that estrogen and progesterone receptor status were 

concordant (i.e., both positive in 124 patients and both negative in 71 patients) for a 

total of IMl255 patients (76%, Chi square = 66.26, D.F.=l , P<0.001). When the same 

rnultivariate analyses were re-run eliminating the variable represenüng progesterone 

nceptor status, estrogen receptor status entered into the model with similar hazard 

ratios and significance levels. In attempting to run the analyses with an interaction term 

for receptor status the analysis was aborted by the software algorithm because of co- 

linearity between ternis. All of these observations suggest the presence of a 

biologically expected high level of concordance between estrogen and progesterone 

receptor status. 

Alaiough estrogen recepton have traditionally received more attention in the area of 

prognostication/response to endouine therapy, some investigaton feel that 
iwa 

progesterone recepton may actually be a better predictor of the same. The 

exposure of bmast cancer cells to estrogen leads to an increase in the production of 
436 

pmgesterone receptoro m i n  those cells, suggesting that progesterone receptor 

bearing cells contain estrogen receptoro that are not just stnicturally/physicaly present. 

but rather are also biologically fundonal. Thus pmgesterone receptor positivity may be 



a marker for estrogen receptor functionality, and for that reason may be more predictive 
138 

of endocrine iesponsiveness and pmgnosis. The importance of progesterone 

receptor stahis independent of estrogen receptor status has been dinically 
140,141 142 

dernonstratecl in both retmspedve and prospective studies, 

ii) ûvenll Survival Outcornes 

1. Ovsnll SuwivaUPredictors of Overall Survival 

The median overall survival duration (Fig 6) of 27.4 months is within the range of that 
48-60,63,143,144 

reported for survival in patients with metastatic breast cancer. Independent 

pmgnostic factors associated with longer suniival at the point of initial metastatic 

disease (table 9) induded progesterone receptor positivity (HR=0.62), longer disease- 

free interval (HR=0.98), the presence of bone metastases (HR=0.59), and the 

existence of locoregional disease (HRs0.45). Variables independently associated with 

a shorter survival induded pnor adjuvant chemotherapy (HR=2.34), pnor adjuvant 

homione therapy (HR=2.33), the presence of liver metastases (HR=1.68), and 

increasing nurnber of disease sites (HR=2.08). Again, these Cndings are consistent 
a,50.143*144 

with previously reported literature. Interaction or effect modification was found 

between initial stage and adjuvant chemotherapy (HR=1.34) and initial stage and 

adjuvant hormonal thenpy (HR=1.36). These interactions suggest Mat the magnitude 

of effect of pnor adjuvant therapy on survival was differentially affected by stage at 

diagnosis. The presence of an interaction between disease-free interval and 

pmgesterone receptor positivity (HR=I.02) implies that the magnitude of effect of 

disease-free interval on survival was differentially affeded by progesterone reœptor 

status. 



The adverse effect of pfior adjuvant hormone therapy may at first glance appear 

counter-intuitive. since the use of adjuvant hormone thenpy should imply the treatment 

of receptor positive patients; genenlly a group with a better overall prognosis. 

However, two factors may explain this result First, patients who develop recurrent 

disease despite adjuvant therapy likely have disease that is in a biologic sense more 

aggressive than simple measures of prognosis (such as receptor status) may have 

implieô. Failure of disease in aie presence of (or after) an adjuvant thenpy suggests 

aquired resistance and such patients are often refractory to further thenpies. 

Second, a close examination of the baseline charaderistics of al1 patients reveals that 

of 163 estrogen receptor positive patients in the study, only 40 received adjuvant 

homione therapy (Le., that 123 receptor positive patients did not receive adjuvant 

homone aierapy). An analysis for the presence of an interacüon between estrogen 

receptor status and having received adjuvant hormone therapy produced a negative 

interacüon (HR10.28). This suggests that survival with metastatic disease was better in 

receptor positive patients who had not received prior adjuvant hormone therapy, which 

is consistent with the hypothesis of aquired resistance to therapy. 

A final observation from mis analysis is that although visceral disease has been 

consistently reported as an independent negative prognostic factor in this setting, 

visceral disease was not seen to be an independent predictor of poor outwme in this 

multivariate model. The variable representing visceral disease was a composite of 

several sites of visceral disease (lung, liver, bowel etc.), and was represented by liver 

metastases in 36/54 patients (67%). In the stepwise regression model, the dimination 

of the variable representing liver metastases caused the variable representing viscerat 

disease to enter the model (HR=1.68, 95% CI= 1.21-2.08, P=0.047). An attempt to 

identify the presence of an interaction between these two variables resulted in an 

aborted analysis because of a high degrw of concordance between the Iwo variables. 



These results suggest that the inability to separate out the independent effects of 

visceral diseaso and liver metastases results from a high level of concordance between 

these two variables, as expected by aie composite nature of the variable visceral 

disease, and the high level effect of the presence of Iiver metastases. 

2. E t k t  of Treatment on Ovetall Survival with Metastatic Disease 

Overall survival was defined as the point in tirne at which disease recunence was 

identified until death from any cause to allow treatment related deaths (more likely to 

occur in aie HDCTIAHPCT group) to be captured as outcornes. Defining survival in this 

way makes the endpoint less prone to any form of temporal bias (e.g.. if one group had 

begun chemotherapy on average later than the other group). Although the unadjusted 

life table analysis for survival revealed no significant difference between treatments (Fig 

7; Pe0.39 by logrank), the addition of the treatment variable to the multivariate overall 

survival mode1 produced a statistically signifiant effect in favor of HDCTIAHPCT (table 

10; HR=0.62, 95% Cl=0.27-0.97, P=0.008). The hazard ratio of 0.62 implies that 

patients treated with CCT were likely to die approrirnately 1.6 fold faster than those 

receiving HDCTIAHPCT. This difference in probability of survival would likely be 

considered dinically relevant by most patients (unpublished observations). 

The explanation for the large difference between univariate and multivariate analyses 

appean to lie in the between-group distribution and effect of other variables with 

independent prognostic significance for survival. Except for bone metastases (equally 

distributecl betmen booi groups), variables that conveyed a protedive effed on 

sunrival (progesterone mceptor positivity, longer disease-free interval, and locoregional 

disease) wre seen in a smaller proportion of patients in the HDCTfAHPCT group. 

Similady, variaMer which conveyed the most qwntitatively significant degree of 



adverse effect on survival (prior adjuvant chemotherapy, HR=2.34, and pnor adjuvant 

hormone therapy, HR=2.33) were seen in a larger proportion of patients in the 

HDCTIAHPCT group. Although the CCT group contained more patients with liver 

metastases (HR=1.68) and patients with a greater number of disease sites (HR=2.06), 

the overall combinecl prognostic weight of these variables suggests that the 

HDCT/AHPCT patients were a worse pmgnostic group with respect to ovetall survival, 

accounting for the large difference between univadate and rnultivariate analyses. 

Other treatment related variables in this model which were of prognostic importance 

induded number of prior metastatic hormonal thefapies (which conveyed a protedive 

effeq HR 0.72). and status after chemotherapy (Hf? 0.68) which also conveyed a 

protedive effect for patients with more amplete degrees of response. The beneficial 

effect of number of prior metastatic hormones likely represents the identification of 

patients with hormone sensitive disease; a group with generally more indolent disease 
14s 

and a better overall prognosis. Similady, the beneficial effect of a better response to 

chemothenpy implies a greater degree of disease sensiüvity; also a group with a better 

overall prognosis. This independent beneficial effed of chernotharapeutic response is 
129,130,132 

consistent with data reported in the breast cancer literature in both transplant 
1 34 

and non-transplant settings, and is in agreement with the commonly observed 

phciple in oncology that 'responden" have better outcomes compared to 'non- 

m~ponders'.~ 

Finally, the presence of a positive interaction between (reatment and response to 

chemotherapy implies that patients who had better responses after three to four cycles 

of chemothenpy had better outcomes with HDCTIAHPCT than with CCT. This could 

be a manifestation of a dose-response effect. 



iii) Tinw to Failum Outcoms 

Since failure of disease control is a less objective outwme and more prone to 

measurement bias, less emphasis can be placed on the results of this portion of the 

analysis. However, prolongation of disease control and prolongation of survival are 

(where appropriate statistid power exists) in general positively correlated in most 

malignant diseases. It is important to emphasize the ditferences in the calculation of 

tirne to failure and overall survival in this parücular study. The effect of treatment on 

overall survivat looked at the effect of treatment on the entire survival duration of a 

patient (frorn initial recurrence to death). The effect of treatment on time to failure 

denotes only a portion of time dufing the life of a patient; namely from the point of 

initiation of chemotherapy until the first signs of progression of disease thereafter. 

Because of the increased possibility of therapy related death from HDCTIAHPCT, 

death was included as an event in this outcome measure. 

1. T i m  to FailurelPmdictors ot Time to Failure 

The median duration of time to failure for all patients (Fig 8) was 12.4 months, midi is 

within the rangs of that reported in the literature.' Variables which had independent 

significance for time to failure at the initiation of chemotherapy (table 11) included 

progestemne receptor status (HR 0.73), pnor adjuvant chemotherapy (HR ?.29), 

number of sites of disease (HR 1.28), and the presence of liver metastases (HR = 

1.62). The negative effect of prior adjuvant chemotherapy is likely related to the 

acquisition and dinical expression of disease resistanœ as has been discussed 

previously. The negative effect of increasing number of disease sites likely reflects the 

adverse prognosis associated with increasing turnoi burden, and the negative effect of 



liver metastases reflects on the presence of the illness in a aitical organ, both generally 
129,132 

associated with shorter a tirne to progression independent of therapy. 

When grouped by treatment in univariate analysis (Fig 9). the rnedian duration of tirne 

to failure was 9.8 months for patients undergoing CCT, and 15.6 months for patients 

undergoing HDCTlAHPCT (P=0.005 by logrank test). Adding treatment related 

variables to the multivariate rnodel (table 12) revealed a continued and independent 

beneficial effect for HDCTIAHPCT on time to failure (HR 0.54). The hazard ratio of 

0.54 implies that patients treated with CCT were approximately 1.8 fold more likely to 

experiems progression aftec beginning chemotherapy. This difference would also 

likely be considered clinically relevant by most patients when measured against the 

toxiuty of the treatment. Other variables with independent significance for failure in this 

model included prior adjuvant chemotherapy (HR 1.24), prior adjuvant homone thenpy 

(HR 1.44), the presence of liver metastases (HR 1.56), status after chemotherapy (HR 

0.62), and estrogen receptor positivity (HR 0.64). When it was seen that the addition of 

the treatment variable to the model substantially reduced the independent significance 

of Me variable representing number of sites of disease, the between-group distribution 

of number of sites of disease was reviewed. It was noted that the median number of 

disease sites was significantly higher in the CCT group, and this was felt likely to 

represent îha existence of a high degree of confounding between type of treatrnent and 

number of sites of disease. This high degree of confounding, if present, would reduce 

to some degret, the ability of the analysis to tnily identify and qwntify any effect of 

treatment independent of Me number of sites of disease, and could reflect a fom of 

selecüon bias (i.e., that patients selected for HDCTIAHPCT had a lesser amount of 

disease in general). An attempt was made to separate out the possible effed of 



seledon bias by perfoming a stratified analysis on number of disease sites. This was 

done to eliminate the betweengroup variability in the number of disease sites while 

retaining appropriate statistical power for the analysis to measure Me effect of 

treatment (sample size and between-group distribution limitations allowed for this 

analysis to be performed only on patients with one or two sites of disease). These 

results suggested that the effect of treatment was independent of the between-group 

vahability in number of disease sites, regardless of the level of stratification (table 13), 

and supports the conclusion that the positive result associated with HDCTIAHPCT was 

a ûue independent therapeutic effect. 

It was also noted that with respect to time to failure the Iife-table analysis cunres remain 

separated in favor of the HDCTIAHPCT group until appmximately 40 months, at which 

point the curves uossed-over and there appeared to be a progression-free benefit for 

patients in the CCT group. At this late point in the curves, the subjects consist of 11 

patients in the standard chemotherapy group, and 15 in the high-dose chemotherapy 

group. An exploratory univariate sub-analysis was perfomed on this group of patients 

using only those variables show to have independent significance for progression in 

the prior multivariate analysis. This analysis revealed no significant differenms 

between the groups with respect to four of five independent prognostic factors 

(estrogen receptor status, prior adjuvant chemotherapy, prior adjuvant hormone 

thenpy, presenw of liver metastases), but revealed a significant difference between 

groups with respect to status after chernotherapy. It was discovered that at this point in 

the wwes nine of 11 patients in the CCT group were either NED or in CR after 

chemotherapy, whereas only one of the 15 patients in the HDCTlAHPCT group was in 

CR after chemotherapy (P=O.OOl). This effect would be considered significant even 

efter adjusting for the effect of multiple testing (Bonfemni conectian would accept a P 

value of 0.01 or less as being significant based on the performance of 5 statistical tests 



in this sub-group of patients). The confounding effed of response to chemotherapy in 

mis srnall gmup of patients on the distant portion of the wrve likely explains the 

uossover in aie wnre in favor of the CCT group. as more patients in the CCT group at 

this point had a factor (response to treatment) which was predidve of a better outwme 

independent of the type of therapy (HDCT/AHPCT vs. CCT). 

iv) Survival after HDCTlAHPCT 

Variables which had independent predicüve effects on survival after HDCTIAHPCT 

(table 14) induded age at transplantation (HR 0.96), estrogen receptor positivity (HR 

0.54). the presence of liver metastases (HR 3.13). and the presence of bone 

metastases. which surprisingly were associated with a poor outcome (HR 1.78) for 

reasons unclear. The median overall survival of al1 HDCTfAHPCT patients after 

initiation of chemotherapy was 16.5 months (Fig 10). and was not significantly different 

for patients beated in Omaha, who had a median survival of 15.3 months, as compared 

with patients treated in Sudbury, who had a median survival of 16.3 months (Fig Il; 

P=0.70 by logrank test). Acknowledging limitations on statistical power as a result of 

the sample sire, the effed of centre (table 15) remained statistically insignificant in the 

multivariate model after the addition of a nurnber of treatment related variables which 

induded the high-dose chemotherapy regimen (conditioning regimen) used. the 

presenœ of metastatic disease in bone marrow at transplantation, and the reswe 

product used (bone marrow vs. peripheral blood). Again, acknowledging powerlsample 

size limitations, the response to chemotherapy pre-transplant was not indicative of a 

better outcome post transplant. and the time ftom disease recurrence to fint 

chemotherapy (a fom of potential temporal bias indiredly reffecthg disease biology) 

also had no measutable affect on survival after transplantation in this group. 



In summary, the results of this retrospective cohort analysis suggest that a measurable 

effect for HDCTfAHPCT for patients with metastatic breast cancer does exist, 

speeifically in the form of progression-free and overall survival advantages when 

wmpared with CCT. Wth fw exceptions, the datasets seem to agree with previoudy 

published literature with respect to al1 major endpoints analyzed, lending a reasonable 

degree of credibility to the datasets themselves. It is still possible that subtle 

differences in selecüon and confounding variables not measurable by the study design 

account for some measure of these results, but any such effed is not quantifiable given 

aie consttaints of this study. Notwithstanding issues relating to bias and confounding 

(discussed below), the study has produced generally consistent representations of 

biobgic undetstanding and the Merature, and lends some further uedibility to the effect 

of HDCTIAHPCT in metastatic breast cancer. 

v) Th. Effect of Bias 

1. Selection Bias 

The potential effect of selecüon bias was perhaps the most difficult and important 

aspect of this study design, given that the eligibility of patients for the control group had 

to be detemined retrospectively, occasionally using less sensitive tools. ln considering 

this, every possible attempt was made to eliminate patients from the control group who 

would not have been candidates for HDCTIAHPCT. The aiteria developed were 

matchad as carefully as possible to the criteria used for the experirnental group, and 

wem considered to be the best aveilable retrospective measures of disease, treatment 

msponse, and performance status. Having a second individual raview charts for 

concordance was considered, but given the expertise and extent of time requimd to 

properly review charts this was not feasible. Although in some cases surmgate 



measures of eligibility had to be used (e.g., chest radiogaphs and dinical histories to 

wle out significant cardiac disease where no MUGA scan was present), application of 

the predetemined control group eligibility cdteria retrospectively to a randomly selected 

group of potential control patients resulted in the dimination of 79 of 214 patients or 

nearly 40% of al1 potential control patients reviewed, suggesting a reasonable degree 

of stringency in the selection of controls. The most comrnon reasons for ineligibility of 

controls (non-response to chemotherapy, 31 patients; known CNS disease, 16 patients; 

and inadequate follow-up, 9 patients) together accounted for 56 of 79 patients, or 70% 

of those deemed ineligible. The most cornmon reasons for ineligibility in the 

experirnental groups were CNS metastases, and non-response to chemotherapy, which 

were fairly easily evaluabk in controls. The number of patients excluded from both the 

experimental and control groups because of poor organ function or performance status 

(areas where the control group eligibility criteria were weakest) were few, and as such 

did not likely represent a major source of seledon bias. Temporal biases were 

minimired by choosing control patients treated over the same calendar time penod 

(1991-1995), such that the availability and use of other adjunctive therapies or newer 

chemotherapeutic agents (which could have had an independent effect on outcome) 

wu ld  likely have been equally distributed between the two groups. Despite these 

attempts to minimize selection bias, different methods and temporal sequences were 

used to select experimental and control groups, and this rernains pehaps the most 

important unquantifiable source of potential enor or difference between the two study 

groups. A probable effect of seledion bias was seen in the observation of the high 

degree of correlation between treatrnent and number of sites of disease for Crne to 

failure, as was discussed in an earlier section. However this particular selection factor 

did not appear to a w u n t  for differences Ki outcorne between the two groups. 



The othw major potential soune of bies in a study such as this is measurernent bias. 

The rnajority of baseline or therapy related prognostic variables were fairly objective in 

their deteminations/measurements (e.g., initial stage, prior adjuvant therapies etc.). 

and were not likeiy to be subject to any substantial degree of measurernent bias. A few 

such variables did have inherent weaknesses in their measurement/assignment (e.g., 

what duration of therapyldisease wntrol wnstituted a "trial" of a particular hormone 

Uierapy) and could have had some unquantifiable effect if systematicalty measured 

differently between centres or groups. The variable most likely to have been subject to 

some form of measurement bias would have been the variable representing response 

to treatment since responses were not always rigorously measured, particularly in the 

control group, and as such may have been overestimated to some degree in that 

group. Also, deteminations of progression/recurrence of disease after treatment could 

theoretically have been biased by differences in follow-up and imaging pncüces; 

however the observation of a relatively small difference in the hazard ratios for the 

effect of treatment on recurrence (the softer endpoint, HR=0.54) as compared with 

suivival (the harder endpoint, HR=0.62) suggests that this was not likely an important 

source of bias. This is espeually me when one considen that the affect of treatment 

on overal survival was measured over the entire period of metastatic disease, whereas 

the effect of treatment on failure was measured over a smaller time period (between 

fint chemotherapy and fint failwe). 



vi) Adjurting for the Effect of Confounding Variabks 

Patients in this study were of course not randomly allocated to treatment groups. 

Rather, they were selected and collected from three separate databases with differing 

demographiu and geographic locations. Therefore it was expeded that measurable 

differences would exist between patients. Data on all known major confounding 

variables was wllected and recorded. Notmthstanding previous considerations of the 

possible sources of measurement bias, these data wuld be used both to estsblish the 

validity/aedibility of the databases (Le., to compare independent prognostic variables 

with previously reported literature), and to adjust for differences between groups in 

trying to measure any effed of high-dose therapy. The combined database appeared to 

contain al1 appropriate major prognostic variables, and with very few exceptions (e.g., 

the adverse effed of the presence of bone metastases on suwival after HDCTIAHPCT) 

their importance in these analyses were in agreement with that reported in the 

literature. 

Most significant with respect to the presence of confounding variables is the possibiiity 

that certain unknown or unmeasured confounding variables could have been 

differentially distributed between study groups. If dinically important, such variables 

could have accounted in some measure for the obsewed outcornes of the study. Such 

unmeasured confounding variables could have been biologic characteristics or 

treatment related charactefistics 



Certain prognostic biologic characteristics of both groups are not known. For example, 

while 1 has long been known Mat the human epidermal growth factor receptor-2 (HER- 

Zneu) is overexpressed in approximateiy 30% of wmen with node positive breast 
la 

cancer, it has only been recently that its clinical prognostic and tharapeutic 

significance has begun to be understood. Although overexpression of this receptor is 
147 

associated with a poor prognosis and shorter tirne to relapse. overexpression may 
148 

also be a predictor of chemotherapeutic dose-responsiveness and could have had 

an unmeasured effect if differentially distributed between groups. 

2.1 matment Related Characteristics 

Virtually al1 patients would have received other types of chemothenpy after failure of 

fint-line treatment, and it is possible that these treatments were differentially distributed 

between study groups despite equivalent temporal seleaion of the study groups. This 

data was knomi for patients in the Ottawa and Sudbwy groups, but had not been 

recorded for patients from Omaha. Also, it was not certain that this component of the 

Sudbury database was complete, and therefore this information could not be used with 

confidence. Of parüwlar importance in this regard is the existence of some newer 

chernothenpeutic agents (e.g., paditaxel. docetaxel, vinorelbine). The use of these 

mmer agents may actually confer small survival advantages to patients who receive 

them as was suggestec! by a recent nndomized trial of docetaxel in metastatic breast 
f4e 

cancer. Such treatments could have been differentially received by one of Me 

groups subsequent to the fint chemotherapy failure. If such tfeatrnents had the ability 



to prolong survival, their use could have contributed an unmeasured effed to the 

overall suwival outcome. 

Unfortunately, aven if this data were available and complete, this particulai study 

design w l d  not have been able to reliably measure such an outcorne as an effect of 

treatment Since treatments received subsequent to firot chemotherapy Mure were 

both time dependent and not randomly allocated, an altemate explanation for any 

apparent suwival benefit from those treatments could equally be the effect of selection 

bias (i.e., that those patients with better prognosis disease survived long enough to 

receive such agents). 

vii) Methodologic Cornparisons to the Bemoda Trial 

Though not nndomized, this study has dealt with some of the imperfections considered 
136 

to exist in the randomized Bezwoda trial. First, th8 CCT a m  in the Bezwoda study 

consisteci of a regimen which is not b8 considered 'standard" by North American 

investigaton, and in this study demonstrated response rates which were inferior to 

those expected with more usual modem conventional regimens. This choice of 

regimen therefore may have potentially biased the results toward superiority for the 

high-dose am. The regimens used in the contfol group for the present study were al1 

recognized conventional chemotherapy regimens with known pubfished response rates. 

Second. in the Bemoda study patients who achieved complet0 responses to 

diernotherapy were begun on hormonal therapy Mth tamoxifen. This may have biased 

outcornes toward the experimental group, since there were significantiy more complete 

responses in that group. The present study recordad (and adjusted for) Me use of and 

number of homones, and aierefore less likely contributed to error in measumment of 

the outcornes. Third, certain independent prognostic variables for outcome in 



metastaüc breast cancer (e-g., disease-free interval) were not measured or presented 

in the Bernoda study, and the number of disease sites (an independent prognostic 

variable for outcome) was presented as means ramer than medians, which may have 

been miskading given Rat this type of data in a small sample is unlikely to have been 

nomidly distributed. These were not issues in the present study. Fourth, the results of 

statistical tests for time to progression and overall suwival were not expressed with any 

assodated P values, and despite some basdine differences between groups with 

respect to important prognostic variables (e.g., estrogen receptor status, presence of 

bone metastases), no multivariate analysis was perfomed to adjust the outcome for 

these differences. Again. these were not issues in the present study. Finally, the 

duration of follow-up in the Bezwoda trial was not adequate to evaluate any potential 

plateau on the survival curve. None of the o u t m e  curves in the present study display 

any meaningful plateaus. Therefore, notwithstanding published data from the Bezwoda 

trial or data from the present study, the superiority of high-dose therapy must still be 

considered unproven. One final point worth mentioning is that the Bezwoda trial 

utilized two cycles of moderately high-dose therapy, taking advantage of the concept of 

log-kill. This concept has not been compared head to head in any high-dose 

chemoaierapy mals (randomized phase II or phase III) for metastatic breast cancer, and 

could conceivably have contributed in some positive way to the results of that trial, 

rince this is the biologic premise upon which al1 potentially curative chemotherapy 

regimens are based. 



viii) Summrry and Conclusions 

In summary, despite many yean of experience and follow-up in high-level academic 

transplant centres worldwide, controveisy remains regarding what benefit, if any, is 

imparted to patients with metastatic breast cancer who undergo HDCTIAHPCT. The 

existence of this controïersy msults principally from a !a& of well designed cornpleted 

randomizd controlled tn'als from which meaningful dinically relevant condusions can 

be made. 

In attempting to quantify the benefits associated with any new therapy, it is usefui to 

consider the treatment from the point of view of three main aierapeutic endpoints of 

importance in any major illness: the ability to cure, the ability to prolong survival, and 

the ability to improve the quality of life of patients with the disease. Proponents of 

HDCT/AHPCT maintain that since no fom of therapy for metastatic breast cancer is 

curative nor convincingly able to prolong life, the most realistic endpoint for patients is 

to attempt to irnprove quality of life by decreasing symptoms associated with the 

disease. CC1 given in a cydic fashion every three to four weeks can achieve this for 

many patients, and is generally associated with only modest toxicity and a very low risk 

of treatment related mortality. However, patients often require prolonged periods of 

treatment (e.g., 12-18 months of therapy) in order to maintain control of their disease. 

HDCT/AHPCl is associated Mai initially greater levels of toxicity and risks of treatment 

related mortality, but can allow patients to achieve a period of time off of treatment (i.e., 

to achieve an unrnaintained remission). This can be a dinically meaningful benefit for 

certain patients who find repeated cyciic diemotherapy a less desiraMe way of living 

with their disease (unpublished observations). Given that HDCTiAHPCT is associated 

with higher risks, not every eligible patient elects to undergo this type of therapy given 



the choice; however, transplant related mortality is now reported by most expenenced 
1 s  

transplant centres as being approximately five percent. 

Opponents of HDCWAHPCT see this fom of treatrnent as both expensive and toxic, 

and argue that al1 beneMs purported in uncontrolled trials are merely the result of 
134 

seleaion bias on the part of the investigatom. Studies attempting to measure 

economic and quality of life endpoints have b e n  few. A recent attempt to quantify 

differences in costs between CCT and outpatient-based HDCTIAHPCT from a 

Canadian perspective demonstrated that HDCT/AHPCT costs approximately $13,000 
150 

more in the first year of treatment/folIow-up. This difference would likely be 

cansidered small by most health economists, and can quantitatively be compared to the 

now established practice of using monthly pamidmnate as an adjuncave therapy for 

patients wi# breast cancer and symptomatic bone metastases. 

Should ongoing randomized trials in this area eventually conclude that no suwival 

advantage exists for patients who undergo HDCTIAHPCT, this fom of treatment might 

best be considered yet another f o n  of palliative therapy for an incurable illness, and 

mat it should remain an option for patients who prefer to accept the tradeoff of an 

increased risk of treatment related morbidity/mortality in retum for achieving a period of 

Erne off of cyclic chemotherapy. Further study regarding the economic and quality of 

life differences between the two tfeatments should also help define its role as a therapy 

for patients with metastatic breast cancer. 
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Appendix 1. American Joint Centen for Cancer Staging of Breast Cancer tg92 



Appandix 2. Standard Definitions of Performance Statu8 

(Eastern Coopmtive Oncology Group) 

O - Asyrnptomatic, able to carry out normal activity 

1 - Symptomatic with minimal activity, fully ambulatory 

2 - Symptomatic, requiring bedrest < 50% of waking houn 

3 - Symptomatic, requiring bedrest > 50% of waking houn 

4 - Bedridden 



Appendix 3. Standard Definitions of Tumor Associated Responr Rates 

Cornplete Response (CR): 

Oefined as the disappearance of al1 known measurable dinical and radiogaphic 
evidenœ of disease for a minimum of 4 weeks. 

Partial Response (PR): 

Defined as a greater than 50% decrease in the surn of the products of 
rneasured lesions (measured at maximal perpendicular diameten) in the 
absence of any inuease in lesion size and no appearance of new lesions for at 
least 4 weeks. 

Stable Disease (SD): 

Defined as a less than 50% decrease in the surn of the products of measured 
lesions (measured at maximal perpendicular diameters) in the absence of any 
inuease in lesion size and no appearance of new lesions for at least 4 weeks. 

Progressive Disease (PD): 

Defined as the unequivocal increase by at least 25% in the sum of the products 
of measured Wons or the appearance of new lesions. 



Appendix 4. University of hkbnska Medial Center Eligibility Criteria for High- 
Dose Ch.motherapy/AutoIogous Hematopoietic Stern CelI Transplantation 

Biopsy pmven diagnosis of breast cancer, evidence of recunent/metastatic disease 

Fernale, aged 1980 years 

No evidence of organ dysfunction unrelated to malignancy that would make patients 
unlikely to toferate high-dose therapy: 

Absoiute neutrophil count 2 1500; plateiet wunt 2 100,000 

Adequate renal funclion (senrm ueatinine a 1.5 rng/dl and/or creatinine clearance 2 60 
mumin 

Adequate hepatic function (bilirubin s 2 mg/dl; ASTIALT 5 twice upper normal) unless 
due to metastatic disease 

No signifiant pulmonary symptoms, adequate pulmonary funcüon including diffusing 
capacity r 50% nomal 

Adequate cardiac function (ejection fraction 2 50% by NUCLEAR GATED CARDIAC 
scan) 

For patients with estrogen receptor positive tumon (2 10 fmol/ml) are eligible if the 
disease has progfessed after at least one hormonal manipulation 

Patients with estrogen receptor positive tumors and rapidly progressive tumor are not 
required to have had pnor hormonal therapy 

Patients.with estrogen receptor negative (or unknown) status are eligible 

Adequate pre-transplant bone mamw biopsies with sufficient hematopoiesis to permit 
engraftment. 

Total dose of Adriarnycin (or equivalent) s 450 rng/m2 

No history of malignant neoplasm aside from breast cancer except for patients treated 
curatively for basal or sqwmous cell carunorna of the skin or carchorna in situ of the 
cervix, or patients who have lived without relapse more than ten years since definitive 
therapy for any other malignancy 

Seronegativity for HIV virus, no overt evidence of AlDS 

Patients must not be pregnant or lactating 

No evidence of CNS disease of any etiology 

Attainment of at least a partial response to induction chemotherapy 



Appendix 5. Northeastem Ontario Regional Cancer Centrs Eligibility Criteria for 
High-ûosa ChemothenpylAutologous Hernatopoietic Stem Cell Transplantation 

Female patients with histologically proven metastatic breast cancer 

Untreated with chernotherapy for metastatic disease. If prior adjuvant diemotherapy, 
must have been completed 6 months prior to entry onto study 

Age dû-55 yean 

Patients with estrogen receptor positive tumon (2 10 fmoUml) are eligible if the disease 
has progressed after at least one hormonal manipulation. Such patients are also 
eligible if there is evidence of life threatening disease which cannot await a trial of 
hormonal manipulation 

Patients with estrogen receptor negative tumors ( 4 0  fmol/ml) are eligible if the disease 
has pmgreosed after at least one hormonal manipulation 

ECOG performance status s 2 

Measurable or evaluable lesions 

Normal bone marrow, liver. renal, and cardiac function as defined by: 

White blood cell count 2 3.5 x 1 oQ/L 

Absolute neutrophil count 2 1 .S x l og /~ ;  

Hemoglobin z 100 x IO'R 

AST and ALT s 2.5 x upper nonal Iimit, or 5 4 x upper normal limit if liver metastases 
present 

No uncontrolled or signifiant cardiac disease (myocardial infarcüon less than one year 
preceding, congestive heart failure of any degree, any history of cardiac arrhythmias, 
any history of second or third degree heart block) 

Adequate wrdiac function (ejection fraction n 50% by NUCLEAR GATED CARDlAC 
scan) If pdor anthracydines, must have been < 300 mg/m2 doxorubicin, < 400 mg/m2 
epirubicin, < 100 mg/rn2 mitoxantrone 



Adequate pulmonary fundion (vital capadty, DLco > 75% predicted for age) 

Ability to give signed infomed consent 

No serious or uncontrolled systernic illness (investigatots discretion) 

No evidence of CNS involvement by breast cancer 

If prior radiation. must have been to less than 25% of bons mamm bearing areas 

No other concomitant chemoîhefapy or irnmunotherapy 

No prior history of malignant neoplasm aside hom breast cancer except for patients 
treated airabjvely for basal or squamous cell carcinoma of the skin or carcinoma in situ 
of the cervix 

Seronegativity for HlV virus 

Fernales of childbearing age must have negative senim or urine pregnancy test results 
obtained within 2 days of initiation of treatment. Patients must not be pregnant or 
lactating 

Attainment of at least a partial response to induction chemotherapy 



Appondix 6. Eligibility Ciitrrir for Control Patients 

Patients must have a histologically documented diagnosis of breast carcinoma with 
evidence of recunent or metastatic disease. 

Patients rnust be between 18 and 60 yean of age 

Patients may have received pnor systemic adjuvant therapy (chemotherapy or 
hormonal aierapy) 

ER positive patients may have received prior homonal manipulation for metastatic 
disease 

Patients with ER negative or ER unknown tumors are eligible. 

Patients with rapidly progressive viscenl disease are eligible. 

Patients must have an estimated ECOG performance status of 0-2 

Patients must have adequate end oorgan fundion: 

Semm bilirubin < 26 mmoML (2 rngidl), AST, ALT < 2x normal unless due to metastatic 
disease. 

White blood cell count r 3.5 x 1 0 ~ 1 ~  

Absolute neutrophil wunt 2 1.5 x 10~1~ ;  

No known significant abnormalities of pulmonary funcüon: 

Chmnic bronchitis or emphysema by history 
No abnormalities suggesting chronic pulrnonary disease on chest radiognph 
Diffusing capacity if knom not less than 50% of normal). 

No knomi significant abnormalities of cardiac function: 

History of rnyocardial infarction which has impaired left verrtncular function 
Unstable angina 
History of anhythmias 
Left ventricular ejection fraction if knomi r 50% 
If left ventriwlar fundon unknown, must have nomal cardiac silhouette 



Any other medical problems (hypertension, diabetes) must be adequately controlled. 

Patients would have been deemed able to provide informed consent. 

Patients must demonstrate an estimated partial response to 3 cydes of chemotherapy 

If prior anthracydines, patients must have received a total dose of adriamycin of < 450 
mg/m2 or epirubicin 5 800 mg/m2 

Patients with a history of malignant neoplasrn aside fmm breast cancer are ineligible 
except for patients treated curatively for basal or squamous cell carcinomas of the skin 
or carcinoma of the cewix in situ, or who have lived without relapse fmm any other 
wraüvely treated malignancy for more than ten yean. 

Patients who are HIV seropositive or who have dinical evidence of AlDS are ineligible. 

Patients with known CNS involvement (parenchymal or leptomeningeal) are ineligible. 

Patients who are pregnant or lactating are ineligible. 



Apprndix 7. Metastatic Bmrst Cancer: Conventional T h n p y  Drtasheet 

Name: OCF: DOB: 

Eligibility: 

Age 1 M 0  at dx of metastases 

Histologie confimation of pcimary disease 

patient capturad at 1st chemo for metastatic disease 

ECOG û-1 

Creat s120 

Bili s 26 unless known to be secondary to mets 

PFT's: no hx COPD, no COPDIILD by CXR unless abnormal is malig related 

LVEF r 50%, no sig CAO (hx MI, angina, CHF) 

Hematologic parameters (ANC > 1500, plats > 100) 

ûther significanüchronic medical problems 

Ineligibility: 

doxoru~cin > 4SOmg lm2 epirubicin > 800/m2 

other malig (except basaVsquame skin/CIN, or curative malig < 10 yr) 

known HIVtAIDS 

known CNS metastases 



Name: OCF: DOB: 

Path Date Initial Dx: Breast: L R Histo: CIS 10 IL MC IC 

T : O 1  2 3 4 N:O 1 2 # pos nodes: M:O 1 

Stage: I 11 III IV Staging confimed: 

ER value: PR value: 

Primary Therapy: Mastedomy Lumpedorny/Radiation Axilla Rads: Y N 

Systemic Adj fherapy:Tamoxifen staR 

Chemotherapy (regimen) staR 

# of cycles 

Date of recurrence: 

Sites of Recurrence: 

Metastatic Thetapyl : 

Metastatic Therapy2: 

Metastatic Therapy3: 

Metastatic Therapyl: 

Date 1st cherno for mets: 

2nd chemo for mets: 

2nd cherno for mets: 

4th chemo for mets: 

5th chemo for mets: 

liver lung 

starî 

stan 

Hart 

start 

regimen 

regimen 

regimen 

regirnen 

regimen 

by imaging or 

bone nodal locoregional 

stop 

stop 

stop 

HOP 

cycles 

cycles 

cycles 

cydes 

cycles 

skin 

reason 

reason 

reason 

reason 

response 

response 

respo nse 

response 

response 

date 1 st documented progressiori: or last known FLUP: 

date death or last known F LUP: 



Appendix 8. Variabk List and Definitions for Final Common Database 

1. Pt: Patient Subject Number (1-289) 

2. Centra : Treatment Centre 

Ott = Ottawa 

Sud = Sudbury 

Orna = Omaha 

3. Rx : Treatment Group 

1= CCT 

2 = HDCT/AHPCT 

4. A- at Dirgnosis: Age in yean at initial diagnosis of breast cancer 

S. Bmast: Site of Initial h a s t  Cancer. 

1 = left 

2 = Right 

3 = Bilateral 

B.# pos: Number of histologically positive lymph nodes at diagnosis. 



7. StageStage of Disease at Initial Diagnosis 

1= I 

2= IIA 

3= 118 

4= MA 

5= Ille 

6= IV (metastatic at initial diagnosis) 

8. ERP: Estrogen receptor status 

O = negative (receptor value < 10 prnoVg tissue) 

1 = positive (receptor value r 10 prnoVg tissue 

9. PRP: Progesterone receptor status 

O = negative (receptor value < 10 pmoVg tissue) 

1 = positive (receptor value r 10 pmol/g tissue) 

10. AdiRads: Use of adjuvant radiotherapy to breast * locoregional nodes 

O = no radiation therapy received 

1= radiation therapy received 

1 1. AdLChem: Use of adjuvant chemothefapy 

O = no adjuvant chemotherapy received 

1 = received non-anthracydine based adjuvant chemothenpy 

2= received anthracycline based chemotherapy 



12. AdjJiorni: Use of adjuvant hormonal M p y  

O = no hormone aierapy received 

1 = hormone therapy received 

13. DFI: Disease-free interval (rnonths) 

14. Aga-BMT: Age at beginning of systemic chemotherapy 

15. Met-hom: Use of hormonal therapy for metastatic disease 

O = no hormone therapy received 

1= hormone therapy received 

16. nmethonn: Number of different metastatic hormonal therapies received 

77. nmtchem: Number of different metastatic chemotherapy regimens received 

18.borteV: Bone metastases at initial recurrence 

O= no bone metastases 

1= bone metastases 

19. liverla: Liver metastases at initial recurrence 

O= no Iiver metastases 

1= liver metastases 



20. lungl*: Lung metastases at initial recwrence 

û= no lung metastases 

1 = lung metastases 

21. pkuml*: Pleural metastases (nodules or pleural effusions) at initial recurrence 

O= no pleural metastases 

1 = pleural metastases 

22. skini*: Skin metastases at initial recurrence 

O= no skin metastases 

1 = skin metastases 

23. locoregionln: axillary noddbreastkhest wall recurrencelmetastases at initial 
recu rren ce 

O= no lowregional disease 

1 = locoregional disease 

24. no-sitesl*: Number of organ sites of metastases at tirne of initial recurrence 

25. viscenll*: Presence of viscerai (liver, lung etc) metastases at initial recurrence 

O= no visceral disease 

1 = visœral disease 

26. born2: Bone metastases at time of chemotherapy/high-dose therapy 

O= no bone metastases 

1= bone metastases 



27. Iiver2: Mer  metastases at time of chemotherapy/higMose thefapy 

O= no liver metastases 

1= liver metastases 

28. lung2: Lung metastases at time if chemotherapy/high-dose therapy 

O= no tung metastases 

1 = lung metastases 

29. pkun2: Pleural metastases (nodules or pleural effusions) at time of 
chemotherapyhigh-dose therapy 

O= no pleural metastases 

1 = pleural metastases 

30. skin2: Skin metastases at tirne of chemotherapyhigh-dose therapy 

O= no skin metastases 

1= skin metastases 

31. locomgion2: locoregional (axillary node, breast) recurrence/metastases at time of 
chemotherapyhigh-dose therapy 

O= no locoregional disease 

1 = locoregional disease 

32. no-sitcN2: Number of organ sites of metastases at tirne of chemotherapy/high- 
dose therapy 



33. viscenl2: Presence of visceral (liver, lung etc.) metastases at time of 
chemotherapyRiigh-dose therapy 

O= no visceral disease 

1 = visceral disease 

34. statuspm: response/mmission status after chemotherapy 

O= stable disease after chemotherapy 

1 = partial response after chemotherapy 

2- complete response after chemotherapy 

3= no evidence of disease (disease resected) 

35. Mamw@BMT: Presence of bone mamm metastases at time of high-dose 
chemotherapy 

O= no bon8 marrow metastases 

l= bone marrow metastases 

36. cond: High-dose diemotherapy (conditioning) regimen 

1 = CTH (cyclophosphamide, thiotepa, hydroxyurea) 

2=CMCb (cydophosphamide, mitoxantrone, carboplatin) 

3= CMVb (cyclophosphamide, mitoxantrone, vinblastine) 

4= CMTx (cyclophospharnide, mitoxantrone, paciitaxel) 

5= CTCb (cyclophosphamide, thiotepa, carboplatin) 

37. PROO-T: Progenitor cell product infused 

l= bone marrclw 

2= peripheral blood progenitor cells 

3= combination marrowlperiphenl blood progenitor cells 



38. CenOS: censor value for overall survival 

O= alive 

l =  dead 

39. OS: value for survival duration (initial metastases to deathnast follow-up) in months 

40. OSBMT: value for survival duration after transplantation (transplantation to 
deatMast follow-up) in months 

41. cenpmg: censor value for progression 

O= no progression 

1 = progression 

42. prrscchemo: duration of time from initial metastases to initial chemotherapy in 
months 

43. progrche: duration of time from chemotherapy to fint post-chemotherapy 
progression in months 

44. pmgrbmt: duration of time from progenitor cell transplantation to progression in 
months 

C = data only available for patients fmm Omaha, Ottawa) 



Appendix 9. Log Minus Log Plot of Estrogen Receptoi Status and ôvenll Suwival 
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A = Estrogen receptor negative 
B= Estrogen receptor positive 




