
Surgical Resection of Stage IV Colorectal Cancer and Prognosis

Hiroshi Katoh Æ Keishi Yamashita Æ Yukihito Kokuba Æ Takeo Satoh Æ
Heita Ozawa Æ Kazuhiko Hatate Æ Atsushi Ihara Æ Takatoshi Nakamura Æ
Wataru Onosato Æ Masahiko Watanabe

Published online: 14 March 2008
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Abstract

Background Colorectal cancer (CRC) harbors accumu-

lated genetic alterations with cancer progression, which

results in uncontrollable disease. To regulate the most

malignant CRC, we have to know the most dismal phe-

notype of stage IV disease.

Methods A retrospective review of the Kitasato Univer-

sity Hospital was performed (from 1990 to 2001) to extract

the 162 resected stage IV CRC. Clinical variables were

tested for their relationship to survival in a multivariate

prognostic analysis and revealed the interaction of the

prognostic factors.

Results In stage IV CRC with noncurable resection, the

most robust univariate predictors for poor prognosis were

preoperative high value of CA19-9, peritoneal dissemina-

tion, depth of invasion, age, extent of liver metastases,

pathologic lymph node metastasis status, and gender as

tumor factors, and postoperative therapy, perioperative

transfusion, and lymph node dissection extent as treatment

factors. Among these factors, postoperative therapy

(p \ 0.0001), perioperative transfusion (0.0002), CA19-9

(0.001), extent of liver metastases (0.004), and peritoneal

dissemination (0.02) were identified as independent prog-

nostic factors by multivariate analysis. Interestingly,

among the independent prognostic factors, treatment fac-

tors did not depend upon tumor factors and the

combination of the three tumor factors (CA19-9, extent of

liver metastases, and peritoneal dissemination) can clearly

classify the patients into the definite prognostic groups.

Conclusion Our results suggested that the most dismal

CRC harbors three definite vectors that may represent the

strongest phenotype of putative systemic immune (CA19-

9), distant metastasis (extent of liver metastases), and local

progression (peritoneal dissemination).

Introduction

Colorectal cancer (CRC) is the second most prevalent

cancer and the fourth leading cause of cancer death

worldwide, causing about 530,000 deaths every year [1].

Complete surgical resection of primary CRC and metas-

tases remains the only potentially curative therapy [2]. On

the other hand, for stage IV CRC involving synchronous

distant metastases or peritoneal dissemination, the prog-

nostic impact of primary tumor resection is not well

documented so that both biological behavior and optimal

treatment strategy have not been well established so far.

CRC is a genetic disease and accumulated genetic

alterations result in cancer progression, leading to uncon-

trollable disease [3]. Therefore, the identification of genetic

alterations in the most dismal prognostic phenotype of

CRC would be beneficial for the development of novel

diagnostic and treatment options.

Stage IV disease is curatively uncontrollable by any

treatment modality, and previous studies suggested that

patients with stage IV CRC comprise heterogeneous groups

with clinicopathologic predictors that identify subgroups

with significantly different prognoses such as lymph node

metastasis [4, 5], peritoneal dissemination [4, 5], extent of

liver metastases [5–8], depth of primary tumor invasion
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[5], age [8], preoperative CA19-9 [9], and preoperative

CEA [8, 10].

In this study, we simultaneously validated all such

promising clinical parameters reported so far and extracted

the excellent combination of prognostic predictors as the

most dismal phenotype of CRC. Then we suggested that

the three definite vectors may represent the strongest phe-

notype of putative systemic immune, distant metastasis,

and local progression. These prognostic indicators would

be the clue for the therapeutic target of CRC.

Patients and methods

Registration and characteristics of patients with stage

IV CRC after resection of primary cancer

A total of 1101 patients underwent surgical resection of

primary CRC at the Kitasato University Hospital from

January 1, 1990, to March 31, 2001, and all were entered

into a retrospective database. From this patient source, we

identified 946 patients with sporadic CRC, among which

we identified 183 patients with stage IV CRC disease

(19%) using the JCCC (Japanese Classification of Colo-

rectal Cancer) [11] staging system. Exclusion criteria

included operative or other disease-related death, extra-

colorectal or intracolorectal multiple cancers with previous

histologic documentation, and insufficient clinical data

such as preoperative tumor marker. The remaining 174

stage IV CRC patients were divided into two groups

according to whether they underwent curable operation

(n = 12) or not (n = 162), because as curably resected

liver metastasis has been reported as having excellent

outcome, hepatic resection has gained wide acceptance as

safe and successful treatment [12] (Fig. 1).

The clinical parameters of the remaining 162 patients

are depicted as noncurable stage IV CRC in Table 1. D2/

D3 lymph node dissection was performed in 135 patients

(83%) as the standard therapy, and the remaining 27

patients were restricted to D0/D1 lymph node dissection

because of the severe condition of the heart, lung, kidney,

or liver. Forty-five operators participated. The average

survival was 14.9 months and the 5-year survival rate was

2.6%. All patients were informative for prognosis, namely,

death within 5 years or alive at 5 years, and there were four

censored cases. These censored cases were four patients

who died from organ complications including one from

ischemic heart disease, one from chronic renal failure, one

from cerebrovascular disease, and one from postoperative

complication (pneumonia).

In both the JCCC and the UICC (Unio Internationalis

Contra Cancrum) staging system, stage IV CRC includes

those patients with distant metastasis and extraregional

lymph node metastasis (M in TNM classification). More-

over, in the JCCC staging system, metastasis contains those

with peritoneal dissemination, so M is broken down into

hepatic metastasis (H), extraregional lymph node metasta-

sis, and peritoneal dissemination (P). For patients with

hepatic metastases, hepatic tumor burden was defined

according to the JCCC staging system: H1 (up to 4 hepatic

metastases and B5 cm in maximum tumor size), H2 (nei-

ther H1 nor H3), and H3 (C5 hepatic metastases and[5 cm

in maximum tumor size). Patients without hepatic metas-

tases were defined as H0 (Table 2). This classification of the

H factor was based on the grading of liver metastases that

consisted of metastatic tumor size and number in terms of

prognostic difference [13]. Because T and N factors are the

usual terms used in the TNM classification, we used T and

N factors in the Japanese classification, which is the same as

the TNM classification except for detailed subdivisions in

N. N values were scored by pathologic reports (pN).

Patient demographics, tumor characteristics, and post-

operative course were recorded and analyzed. Perioperative

transfusion (POT) was defined as allogeneic blood trans-

fusion during the operation or during the first two

postoperative days [14]. POT was performed at the dis-

cretion of the treating surgeons and anesthesiologists.

Postoperative therapy (PTx) included chemo-immunother-

apy and radiation therapy; chemo-immunotherapy

consisted of various 5-FU-based chemotherapies (e.g.,

5-FU alone, 5-FU/mitomycin-C, or 5-FU/leucovorin). In

this period, we could not use irinotecan or oxaliplatin.

Tumor stage and grade were classified according to the 7th

edition (the latest version) of JCCC staging system [11].

Statistical analysis

Statistical computations were performed using SAS Stat-

View version 5.0 (SAS Institute, Cary, NC). A result was

considered statistically significant when p \ 5%

(p \ 0.05). The time of follow-up was calculated from the

1101 patients of total CRC undergoing surgical resection of primary lesion 

946 patients of sporadic CRC 

Curable (n=12: 6.9%)
H1 alone and 
curably resected

183 patients of stage IV (JC)(19%) 

155 excluded because of combined cases 
with extra-colorectal  or intra-colorectal cancer, or severe 
complication.

Univariate analysis of
prognostic factors (Table.1)

Non-curable (n=162: 93.1%)  

Multivariate analysis of
prognostic factors (Table.2)

174 patients of stage IV (JC) 

9 excluded due to insufficient laboratory data
such as preoperative tumor markers

Fig. 1 Flow chart of patient selection. Stage IV CRC cases were 19%

of total sporadic CRC cases. JC, Japanese classification
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Table 1 Univariate analysis of

162 stage IV noncurable CRCs

DSS = disease speceific

survival; NS = not significant;

pN = pathologic N factor;

ND = lymph node metastatic

density; LM = lung metastasis;

P = peritoneal dissemination;

LNDE = lymph node

dissection extent

* Log-rank test
a Poor consists of poorly

differentiated, mucinous, and

undifferentiated types

Parameters No. of patients % DSS

Average survival (months) p*

Gender

Male 95 59 16.5 0.04

Female 67 41 12.8

Age

\60 66 41 18.2 0.01

C60 96 59 12.6

Tumor position

Colon 97 60 15.1 NS

RS 24 15 12.8

Rectum 41 25 15.9

Differentiation

Nonpoor 135 83 15.4 NS

Poora 27 17 12.8

T factor

T2,3 149 92 15.6 0.002

T4 13 8 7.5

pN factor

pN0, 1, 2 121 75 16.0 0.04

pN3, 4 41 25 11.9

ND (%)

\20 56 35 16.7 NS

C20 106 65 13.8

H (extent of liver metastasis)

H0 44 27 16.3 NS

H1, 2, 3 118 73 14.4

H0, 1 63 39 17.9 0.03

H2, 3 99 61 13.1

LM

LM0 128 79 15.2 NS

LM1, 2, 3 34 21 13.8

P category

P0 111 69 16.8 0.002

P1, 2, 3 51 31 11.1

CEA

Normal 30 19 18.5 NS(0.09)

Elevated 132 81 14.1

CEA

\100 (ng/ml) 113 70 17.7 \0.0001

C100 (ng/ml) 49 30 8.7

CA19-9

Normal 76 47 19.9 \0.0001

Elevated 86 53 10.7

LNDE

D0, 1 27 17 7.2 \0.0001

D2, 3 135 83 16.4

Perioperative transfusion (POT)

Yes 68 42 11.2 0.0005

No 94 58 17.6

Postoperative therapy (PTx)

Yes 129 80 17.2 \0.0001

No 33 20 5.6
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date of the first operation. Disease-specific survival (DSS)

was estimated according to the Kaplan-Meier method and

compared using the log-rank test [15]. A Cox’s propor-

tional hazard model was built using the variables that had

prognostic potential suggested by univariate analysis

(p \ 0.1) [16]. On the other hand, multivariate logistic

regression analyses were performed for the significant

univariate prognostic predictors of tumor factors and

treatment factors to reveal the interaction.

Results

Univariate prognostic analysis in 162 noncurable stage

IV CRCs

Table 1 shows the univariate prognostic factors on disease-

specific-survival (DSS). Preoperative CA19-9 (p \ 0.0001),

H factor (H0, 1 or H2, 3) (0.03), P factor (0.002), T factor

(0.002), age (0.01), gender (0.04), pathologic N (pN) factor

(0.04), lymph node dissection extent (LNDE) (\0.0001),

perioperative transfusion (POT) (0.0005), and postoperative

therapy (PTx) (\0.0001) were associated with a poor out-

come in noncurable stage IV CRC, and Kaplan-Meier curves

are shown in Fig. 2 (A: CA19-9, B: H factor, C: P factor). On

the other hand, preoperative CEA did not show significant

association with prognosis (0.09).

Multivariate characterization of prognostic factors

The attempt at building a multivariate model for DSS was

done using Cox’s proportional hazard model analysis.

Included were all factors that had prognostic potential as

suggested by the univariate analysis (p \ 0.1). The model

defined preoperative CA19-9 (p = 0.001), H factor

(0.004), and P factor (0.02) as independent prognostic

tumor factors, and postoperative therapy (PTx) (\0.0001)

and perioperative transfusion (POT) (0.0002) as indepen-

dent prognostic treatment factors (Table 3). Preoperative

CEA, pN factor, T factor, and gender were eliminated after

multivariate analysis.

To reveal the interaction between both independent and

dependent prognostic factors, multivariate logistic

regression analyses were also performed. For example, the

results of multivariate logistic regression analyses of tumor

factors (preoperative CA19-9, H factor, and P factor) and

treatment factors (PTx, POT, and LNDE) are given in

Tables 4 and 5, respectively. H factor was significantly

related to preoperative CA19-9 and P factor. Preoperative

CEA was a predictor for preoperative CA19-9 and H factor.

Similarly, pN factor, over 20% of lymph node metastasis

density (ND20), T factor, and gender were involved in P

factor. PTx and LNDE were significantly correlated with

each other and both were associated with age. Unexpect-

edly, LNDE was related to preoperative CA19-9.

Multivariate logistic regression analysis revealed the

interrelationship of the univariate prognostic factors as

shown in Fig. 3. Among tumor factors, three independent

prognostic factors were CA19-9, H factor, and P factor,

where CA19-9 and H factor are interrelated and H factor

and P factor are also mutually associated. Intriguingly, P

factor was related to T factor, pN factor, and ND20, sug-

gesting that it represents the most dismal phenotype of local

progression. As treatment factors, PTx and POT remained

independent prognostic factors, but these could not be

associated with the three independent prognostic tumor

factors (Fig. 3), suggesting that treatment factors were not

affected by the independent tumor prognostic factors.

Combination of the independent prognostic tumor

factors and prognosis in noncurable stage IV CRC

We believe that tumor factors are constant and treatment

factor could be affected by a physician’s judgment. We then

focused on remnant-independent prognostic tumor factors

(CA19-9, H factor, and P factor) and examined whether a

combination of them could actually predict the definite

patient prognosis at staging (Fig. 4). We assigned positivity

of 0 factor (n = 23), 1 or 2 factors (n = 122), and 3 factors

(n = 17) among the three independent prognostic tumor

factors to the staging group A, B, and C, respectively. Group

A showed the best prognosis (average survival =

25.1 months), followed by group B (14.4 months) and the

most dismal group C (5.4 months) (A vs B, p = 0.002; B vs

C, p \ 0.0001).

Table 2 Definition of hepatic metastasis (H) and peritoneal dissemination (P) in Japanese classification

H P

X Hepatic metastasis cannot be assessed X Peritoneal metastasis cannot be assessed

0 No hepatic metastasis 0 No peritoneal metastasis

1 Four lesions or less hepatic metastases and B5 cm in

maximum size

1 Peritoneal metastases to the adjacent but not to the distant

peritoneum

2 Hepatic metastasis other than H1 and H3 2 A few metastases to the distant peritoneum

3 Five or more hepatic metastases and [5 cm in maximum size 3 Numerous metastases to the distant peritoneum
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Discussion

Our primary goal was to identify tumor factors reflecting

the most dismal phenotype of CRC in order to know the

therapeutic target. Our multivariate analysis revealed high-

hazard risks for preoperative CA19-9 (1.93), H factor

(1.78), and P factor (1.69), which were identified as the

most potent independent prognostic factors in noncurable

stage IV CRC among tumor factors (Table 3), and the

combination was proven to be an excellent predictor of

definite survival (Fig. 4). Interestingly, these three tumor

factors are independent of treatment factors (Fig. 3). Pre-

vious multivariate analysis of stage IV CRC revealed that

the independent prognostic tumor factor was preoperative

CA19-9, where H factor was classified as solitary or not

and eliminated by multivariate analysis; moreover, P factor

was not included in the patient’s characteristics [9]. Hotta

et al. [4] also reported that lymph node metastasis and

peritoneal dissemination were final remnant prognostic

Table 3 Multivariate analysis of factors associated with disease-

specific survival of stage IV noncurable CRC

Variable HR 95%CI p value

CA19-9 1.93 1.29–2.89 0.001

H factor (H0, 1 or H2, 3) 1.78 1.20–2.63 0.004

P factor 1.69 1.11–2.59 0.02

Age 1.25 0.87–1.81 NS

pN factor 1.29 0.85–1.96 NS

T factor 1.57 0.80–3.08 NS

Gender 1.24 0.86–1.79 NS

CEA 0.96 0.60–1.53 NS

PTx 2.89 1.76–4.77 \0.0001

POT 1.98 1.38–2.86 0.0002

LNDE 1.62 0.97–2.70 NS

HR = hazard ratio; CI = confidence interval; P = peritoneal dis-

semination; pN = pathologic N factor; PTx = postoperative therapy;

POT = perioperative transfusion; LNDE = lymph node dissection

extent

Table 4 Multivariate logistic regression analysis of tumor factors

Preoperative

CA19-9

H factor P factor

OR p OR p OR p

Preoperative CA19-

9

– – 2.72 0.003 1.78 NS

H factor 2.72 0.003 – – 0.26 0.0002

P factor 1.78 NS 0.26 0.0002 – –

Age 1.23 NS 1.15 NS 0.87 NS

Differentiation 0.89 NS 1.58 NS 0.42 NS

(0.05)

pN factor 1.03 NS 0.58 NS 2.77 0.007

ND20 0.58 NS 1.38 NS 0.30 0.0008

T factor 2.10 NS 0.72 NS 3.94 0.02

Gender 0.51 0.04 1.70 NS 0.35 0.003

Preoperative CEA 7.94 \0.0001 6.10 \0.0001 0.53 NS

OR = odds ratio; ND20 = node density 20%; CEA = carcinoem-

bryonic antigen

Time (months)

P
ro
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n 
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rv

iv
in

g

H0, 1 (n=63)

H2, 3 (n=99)

P=0.03

A

B

P<0.0001

P
ro

po
rt

io
n 

Su
rv

iv
in

g

Time (months)

CA19-9: normal (n=76)

CA19-9: elevated (n=86)

C

P
ro

po
rt

io
n 

Su
rv

iv
in

g

P1,P2,P3 (n=51)

P0 (n=111)

P=0.002

Time (months)

0

.2

.4

.6

.8

1
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0
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1
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Fig. 2 Disease-specific survival of noncurable stage IV CRC after

resection of primary lesion by Kaplan-Meier analysis. (A) Preoper-

ative CA19-9; (B) H factor; and (C) P factor
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factors, where H factor (classified as solitary or not) was

eliminated and CA19-9 was not informative for the anal-

ysis. The present study is the first multivariate analysis that

examined all the possible tumor factors to predict stage IV

CRC patient outcome.

In this study, when patients were divided into H0, 1

group and H2, 3 group, H factor (H0, 1 or H2, 3) was the

independent prognostic tumor factor in noncurable stage

IV CRC (Table 3), whereas H factor would not be uni-

variate prognostic factor when divided into H0 or not

(Table 1). Using this criterion, we could extract H factor as

the independent prognostic factor, which is different from

the literature [4, 9]. Classification of H0, 1 vs. H2, 3 may

represent multiple metastasis-prone phenotype (H2, 3) and

other phenotypes (H0, 1). There have been numerous

reports about identification of the molecules that differen-

tiated liver metastasis from localized primary CRC by

means of the microarray method [17] or SAGE analysis

[18]. However, there have not been any reports that com-

pared the two phenotypes H0, 1 and H2, 3 in the JCCC

staging system. Hereafter, we plan to identify oncogenes

and tumor suppressor genes that explain rigorous growth of

multiple liver metastasis [19, 20].

As to P factor, T factor, ND, gender, and pN factor were

predictors in our multivariate logistic regression analysis

(Table 4, Fig. 3). It is quite intriguing that these predictors

for P factor represent local progression and were elimi-

nated after multivariate analysis. Finally, we may insist that

P factor could be one of the most robust phenotypes of

local progression in CRC. Tanaka et al. [21] reported a

correlation between extranodal invasion of lymph nodes

and peritoneal dissemination in gastric cancer. In the

present study, lymphatic progression significantly corre-

lated with P factor, supporting this hypothesis in CRC, too.

P
ro

po
rt

io
n 

Su
rv

iv
in

g

A, B group : P=0.002

A group (n=23)

B group (n=122)
C group (n=17)

Time (months)

B, C group : P<0.0001

0

.2

.4

.6

.8

1

0 10 20 30 40 50 60 70

Fig. 4 Combination of independent prognostic tumor factors

extracted from multivariate analysis. Preoperative CA19-9, H factor,

and P factor were combined to predict patient survival of noncurable

stage IV CRC. Definitions of groups A, B, and C were given in the

Results section. The statistical difference was found between groups

A and B (p = 0.002), and between groups B and C (p \ 0.0001)

Table 5 Multivariate logistic

regression analysis of treatment

factors

OR = odds ratio;

CEA = carcinoembryonic

antigen; PTx = postoperative

therapy; POT = perioperative

transfusion; LNDE = lymph

node dissection extent

Postoperative therapy Perioperative transfusion LNDE

OR p OR p OR p

CA19-9 2.03 NS 0.89 NS 4.88 0.003

H factor 1.92 NS 1.05 NS 2.03 NS

P 1.32 NS 1.35 NS 0.90 NS

Age 3.91 0.01 0.79 NS 4.88 0.01

pN factor 1.97 NS 2.16 0.04 1.04 NS

T factor 1.19 NS 2.37 NS 0.90 NS

Gender 1.30 NS 0.74 NS 1.24 NS

CEA 2.65 NS 1.11 NS 3.27 NS

PTx – – 3.05 0.006 8.13 \0.0001

POT 3.05 0.006 – – 0.78 NS

LNDE 8.13 \0.0001 0.78 NS – –

H factor

Perioperative
Transfusion

Postoperative
Therapy

CA19-9 P factorCEA

LNDE

Age

Gender

ND20pN

T

Tumor Factors

Treatment Factors

Fig. 3 Interrelationship of independent prognostic factors according

to logistic regression analyses. White boxes are independent

prognostic factors. Gray boxes are dependent prognostic factors.

These factors reflect associated independent prognostic factors
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It is surprising that only one glycoform, serum CA19-9,

predicts prognosis more strongly than the powerful prog-

nostic phenotypes of H factor (H2, 3) and P factor. In our

multivariate logistic regression analysis, H factor was sig-

nificantly correlated with preoperative CA19-9 (Table 4),

but both were involved in prognosis independently. These

findings could support the intriguing hypothesis that CA19-

9 makes the oncogenic disease more systemic through

something different than tumor-bearing metastatic ability,

and its inhibition is promising as a metastatic controller.

Matsumoto et al. [22, 23] showed that blocking CA19-9 by

cimetidine is beneficial to CRC patient outcome. This could

also allow for the classical hypothesis that CA19-9 enhan-

ces extravasation and metastasis by interaction with

E-selectin expressed on endothelium [24].

From the earlier publications, we may propose the fol-

lowing three mechanisms of CA19-9 involving systemic

dissemination of cancer cells: (1) There was a report that

described tumor-produced mucins expressing CA19-9 (si-

alyl Lea) lead the immune status to Th2 dominance [25].

For tumor rejection by the immune system, appropriate

Th1 dominance is believed to be more critical [26, 27]. (2)

Mucins expressing CA19-9 were associated with the

induction of inflammatory molecules in human cancers [25,

28], suggesting chronic stimulation of E-selectin expres-

sion on systemic endothelial cells. Such preparation for

metastasis may be associated with systemic metastasis. (3)

Finally, P-selectin, another specific ligand for CA19-9,

may be involved in promoting tumor aggregation with

platelet [29], leading to cancer cell metastasis [30]. These

studies suggest that CA19-9 could facilitate systemic

metastasis not only by the mechanisms of selectin-related

progression but also by immune evasion, which may be the

reason why only one glycoform, CA19-9, predicted prog-

nosis more significantly than the phenotypes of H factor

and P factor.

Preoperative CEA was not an independent prognostic

factor in this study (Table 3), which is different from that

found in other reports [8, 10]. Lack of predictive effect of

CEA might be affected by the fact that not all patients

would be CEA producers. However, we would rather

consider that the reason was because preoperative CEA

was strongly correlated with preoperative CA19-9, and

preoperative CA19-9 was a more robust prognostic pre-

dictor than preoperative CEA (Table 4). When using a

cutoff level for preoperative CEA at 100 ng/ml, CEA was

in fact the most robust independent prognostic factor

instead of preoperative CA19-9 (hazard ratio = 1.99,

p = 0.001). The cutoff level of CEA (100 ng/ml) may be

of clinical and biological importance; however, use of this

cutoff level is unusual in practical medicine, so we did not

use it in the present model. In our study, CEA was the

predictor for H factor, because published articles reported

an association of CEA with liver metastasis [31, 32], and

preoperative CEA did not predict P factor (Fig. 3, Table 4).

In this study, PTx and POT were the most robust inde-

pendent treatment prognostic indicators (Table 3).

Nevertheless, we do not conclude that treatment factors are

significant effectors against stage IV CRC. Because such

factors contained a variety of therapies and were affected

by surgeon intuition, they could not be constant, which is

different than tumor factors. We would need further pro-

spective study under unified eligibility, on condition of the

same treatment, in order to validate the prognostic effect of

tumor factors which we identified in this study.

In conclusion, we propose the hypothesis that the most

dismal phenotypes of noncurable CRC may be determined

by three definite vectors: putative immunologic indicator,

CA19-9; metastatic indicator, H factor; and local progres-

sion indicator, P factor. However, these three factors are

collinear in the present study, with the exception of the

interaction of CA19-9 and P factor, although they are

independent prognostic predictors. Therefore, in the near

future we plan to assess these three tumor factors by pro-

spective validation to see whether they are bona fide

prognostic determinants in a multivariate analysis adjusted

for the collinear factors.
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