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Table 4 HR of regression from non-smoking CIN1/2 according to the serum micronutrients and nutrient intake questionnaire

n  Person-months Events Cumulative 2-year Hazard ratio for regression (95 % CI)
rate (95 % CI) - )
Unadjusted p value  Adjusted model  p value

Serum retinol p for trend 0.292

Low (<55.2) 62 809.8 39 67.0 (54.5-79.0) 1 1

Medium (55.2-67.9) 70 922.3 41 62.8 (50.9-74.6) 0.93 (0.60-1.44) 0.75 1.03 (0.65-1.63) 0.908

High (>67.9) 58 743.4 39 71.4 (58.7-83.1) 1.08 (0.69-1.68) 0.742 1.21 (0.74-1.98) 0.448
Serum o«-carotene p for trend 0.883

Low (<5.1) 46 560.7 28 64.4 (50.1-78.5) 1.00 1.00

Medium (5.1-9.7) 62 789.7 38 66.1 (53.3-78.4) 0.97 (0.60-1.59) 0.918 1.22 (0.73-2.05) 0.449

High (>9.7) 82 1,125.1 53 68.7 (57.9-79.0) 0.93 (0.59-1.47) 0.76 1.26 (0.75-2.11) 0.384
Serum f-carotene p for trend 0.206

Low (<28.3) 45 583.9 26 60.1 (45.8-74.7) 1.00 1.00

Medium (28.3-57.6) 61 780.1 41 75.7 (62.7-86.9) 1.16 (0.71-1.90)  0.557 1.20 (0.71-2.03) 0.488

High (>57.6) 84 1,111.5 52 65.5 (54.8-76.0) 1.03 (0.64-1.65) 0.91 1.23 (0.73-2.07) 0.439
Serum zeaxanthin/lutein p for trend 0.024

Low (<42.9) 56 729.3 34 64.8 (51.4~77.8) 1.00 1.00

Medium (42.9-57.3) 61 817.3 38 66.7 (54.2-78.9) 1.00 (0.63-1.59) 1 1.12 (0.69-1.84) 0.642

High (>57.3) 73 928.9 47 68.6 (57.1-79.5) 1.05 (0.68-1.64) 0.813 1.25 (0.78-2.01)  0.352
Serum cryptoxanthin p for trend 0.129

Low (<11.2) 47 650.1 28 64.7 (50.0-79.1) 1.00 1.00

Medium (11.2-22.1) 61 740.7 38 68.2 (55.3-80.4) 1.23 (0.75-2.00) 0.414 1.24 (0.74-2.08) 0.412

High (>22.1) 82 1,084.7 53 67.5 (56.8-71.8) 1.16 (0.73-1.83)  0.536 1.35 (0.82-2.22) 0.231
Serum lycopene p for trend 0.269

Low (<19.8) 63 805.3 37 63.2 (50.7-75.7) 1.00 1.00

Medium (19.8-35.8) 63 827.7 43 73.8 (61.5-84.8) 1.11 (0.71-1.72)  0.651 1.17 (0.73-1.87)  0.51

High (>35.8) 64 842.5 39 64.3 (52.0-76.4) 1.00 (0.63-1.55) 0.962 1.28 (0.79-2.07) 0.316
Serum c-tocopherol p for trend 0.176

Low (<753.0) 60 731.7 39 67.1 (54.7-79.0) 1.00 1.00

Medium (753.0-983.9) 63 829.9 40 67.5 (55.2-79.2) 0.91 (0.59-1.42) 0.676 0.96 (0.60-1.53) 0.866

High (>983.9) 67 913.9 40 66.5 (53.9-78.6) 0.81 (0.52-1.26) 0.344 0.96 (0.60-1.54) 0.859
Retinol intake p for trend 0.892

Low (<190.2) 62 760.7 36 63.5 (50.5-76.4) 1.00 1.00

Medium (190.2-313.1) 63 840.7 41 70.4 (57.9-82.0) 1.04 (0.67-1.63) 0.854 0.90 (0.53-1.54) 0.704

High (>313.1) 65 874.1 42 66.3 (54.5-77.7) 1.02 (0.65-1.59) 0.94 0.86 (0.48-1.53) 0.61
Carotene intake p for trend 0.131

Low (<3,281.4) 47 606.4 29 67.7 (52.7-81.9) 1.00 1.00

Medium (3,281.4-5,042.8) 71 959.6 40 62.1 (50.0-74.2) 0.88 (0.55-1.43) 0.615 0.89 (0.51-1.56) 0.676

High (>5,042.8) 72 909.5 50 70.8 (59.8-81.0) 1.16 (0.74-1.84)  0.515 1.08 (0.60-1.94) 0.804
Vitamin A intake p for trend 0.134

Low (<2,398.8) 50 676.0 28 63.5 (48.8-78.2) 1.00 1.00

Medium (2,398.8-3,466.7) 69 934.1 41 63.8 (51.7-75.8) 1.08 (0.67-1.75) 0.755 1.14 (0.65-1.99) 0.654

High (>3,466.7) 71 865.4 50 72.3 (61.3-82.4) 1.42 (0.89-2.25) 0.14 1.47 (0.79-2.73)  0.218
Vitamin E intake p for trend 0.163

Low (<6.7) 51 631.5 29 61.3 (47.4-75.5) 1.00 1.00

Medium (6.7-8.7) 62 884.3 39 66.0 (53.6-78.1) 0.98 (0.61-1.58) 0.932 1.38 (0.70-2.71) 0.354

High (>8.7) 77 959.7 51 70.3 (59.3-80.6) 1.16 (0.74-1.83) 0.519 1.44 (0.67-3.12) 0.352

Cox’s proportional hazard model showing the hazard ratio for regression in a cumulative 24-month period in non-smokers. The adjusted model
was identical to the model used in Table 3. The units of micronutrients are expressed as pg/dL
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Table 5 HR of regression from current smoking CIN1/2 according to the serum micronutrients and nutrient intake questionnaire
n Person-months  Events  Cumulative Hazard ratio for regression (95 % CI)
2-year
ratz: 95 % CI) Unadjusted p value  Adjusted model  p value

Serum retinol p for trend 0.43

Low (<55.2) 47 6140 27 64.0 (49.2-78.6) 1 1

Medium (55.2-67.9) 38 4176 24 70.5 (53.4-85.7) 1.29 (0.74-2.23)  0.369 1.54 (0.87-2.76)  0.141

High (>67.9) 57 7805 21 429 (30.1-58.3)  0.60 (0.34-1.06) 0.08 0.54 (0.29-1.00) 0.05
Serum o-carotene p for trend 0.898

Low (<5.1) 59 7519 33 62.5 (49.2-75.8) 1.00 1.00

Medium (5.1-9.7) 53 689.6 22 499 (35.3-66.7)  0.72 (0.42-1.24) 0.24 0.85 (0.48-1.53) 0.595

High (>9.7) 30 3706 17 61.8 (43.6-80.2) 1.04 (0.58-1.87) 0.886 1.23 (0.63-2.39)  0.537
Serum f-carotene p for trend 0.667

Low (<28.3) 63 788.0 31 58.1 (44.6-72.2) 1.00 1.00

Medium (28.3-57.6) 53 7002 27 54.5 (41.1-69.1)  1.02 (0.61-1.71) 0.94 1.07 (0.62-1.86)  0.808

High (>57.6) 26 3239 14 66.6 (44.5-87.0) 1.06 (0.56-2.00) 0.854 1.04 (0.51-2.14) 0915
Serum zeaxanthin/lutein p for trend 0.373

Low (<42.9) 54 640.8 32 63.6 (50.0-77.0) 1.00 1.00

Medium (42.9-57.3) 52 6694 26 54.1 (40.4-69.0) 0.79 (0.47-1.33) 0.372 0.88 (0.51-1.52) 0.645

High (>57.3) 36 5019 14 57.6 (37.9-78.8)  0.55 (0.29-1.02)  0.059 0.76 (0.37-1.53) 0435
Serum cryptoxanthin p for trend 0.866

Low (<11.2) 62 7273 36 67.4 (53.9-80.2) 1.00 1.00

Medium (11.2-22.1) 47 6443 20 484 (33.9-65.2) 0.63 (0.36-1.09)  0.098 0.72 (0.39-1.31)  0.279

High (>22.1) 33 4405 16 53.9 (36.6-73.1) 0.73 (0.40-1.31) 0.286 0.85 (0.44-1.64) 0.63
Serum lycopene p for trend 0.517

Low (<19.8) 43 5438 21 55.3 (39.9-71.9) 1.00 1.00

Medium (19.8-35.8) 55 7617 29 60.8 (46.7-75.1)  0.96 (0.55-1.69) 0.896 0.79 (0.42-1.48) 0457

High (>35.8) 44 506.6 22 54.4 (39.2-70.9)  1.08 (0.59-1.96) 0.802 0.77 (0.38-1.54) 0.456
Serum o-tocopherol p for trend 0.042

Low (<753.0) 53 5942 34 68.8 (55.5-81.4) 1.00 1.00

Medium (753.0-983.9) 49 7182 19 43.5 (30.1-59.7)  0.47 (0.27-0.83)  0.009 0.53 (0.27-0.94) 0.03

High (>983.9) 40 499.7 19 66.7 (46.0-86.0) 0.64 (0.36-1.11) 0.114 0.76 (0.42-1.40) 0.383
Retinol intake p for trend 0.58

Low (<190.2) 50 573.8 29 62.3 (48.3-76.4) 1.00 1.00

Medium (190.2-313.1) 51 6739 25 56.5 (42.1-71.9)  0.74 (043-1.26) 0.263 0.76 (0.42-1.37) 0.36

High (>313.1) 41 5644 18 52.3 (36.2-70.6)  0.63 (0.35-1.13) 0.124 0.57 (0.29-1.13)  0.106
Carotene intake p for trend 0.182

Low (<3,281.4) 64 730.7 34 59.8 (46.9-73.1) 1.00 1.00

Medium (3,281.4-5,042.8) 43 632.0 22 58.7 (42.7-75.4) 0.72 (0.42-1.24) 0.238 0.71 (0.39-1.31) 0.272

High (>5,042.8) 35 4494 16 52.9 (35.8-72.2) 0.73 (0.41-1.33)  0.309 0.55 (0.25-1.18)  0.122
Vitamin A intake p for trend 0.268

Low (<2,398.8) 65 723.6 36 61.9 (49.1-74.9) 1.00 1.00

Medium (2,398.8-3,466.7) 43  642.5 19 49.1 (34.4-66.2)  0.59 (0.34-1.03)  0.064 0.58 (0.31-1.07)  0.081

High (>3.466.7) 34 446.0 17 60.6 (42.2-79.4) 0.74 (0.42-1.32)  0.307 0.60 (0.28-1.32)  0.208
Vitamin E intake ) p for trend 0.567

Low (<6.7) 61 684.0 32 56.7 (44.1-70.1)  1.00 1.00

Medium (6.7-8.7) 45 7206 19 49.0 (34.4-66.0)  0.56 (0.32-0.99) 0.047 0.51 (0.25-1.05)  0.066

High (>8.7) 36 4075 21 67.3 (49.6-83.8) 1.02 (0.59-1.77) 0.947 0.56 (0.23-1.38) 0.211

Cox’s proportional hazard model showing the hazard ratio for regression in a cumulative 24-month period in current smokers only. The adjusted

model was identical to the model used in Table 3. The units of micronutrients are expressed as pg/dL
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Table 6 HR of progression from entire CIN1/2 according to the serum micronutrients and nutrient intake questionnaire

n Person-months  Events Cumulative Hazard ratio for progression (95 % CI)
5-year
raZe 95 % CI) Unadjusted p value  Adjusted model  p value

Serum retinol p for trend 0.372

Low (<55.2) 128  4,588.2 7 8.7 (3.6-20.1) 1.00 1.00

Medium (55.2-67.9) 132 5,048.8 17 17.1 (10.8-26.6) 2.25 (0.93-5.44) 0.071 2.35 (0.95-5.77)  0.063

High (>67.9) 131 5,210.1 14 14.3 (8.5-23.7) 1.82 (0.73-4.51) 0.198 2.23 (0.88-5.60) 0.089
Serum o-carotene p for trend 0.669

Low (<5.1) 127  4,506.6 13 15.4 (8.7-26.2) 1.00 1.00

Medium (5.1-9.7) 133 4,955.5 17 16.0 (10.0-25.0) 1.21 (0.59~2.49) 0.609 1.08 (0.51-2.31) 0.835

High (>9.7) 131 5,385.0 8 9.6 (4.7-19.0)  0.52 (0.22-1.27) 0.153 0.46 (0.18-1.15) 0.098
Serum fi-carotene p for trend 0.337

Low (<28.3) 129  4,245.0 18 21.8 (13.6-33.9) 1.00 1.00

Medium (28.3-57.6) 131 5,208.1 7 7.0 (32-14.7)  0.32 (0.13-0.77) 0.011 0.28 (0.11-0.71)  0.007

High (>37.6) 131  5,394.0 13 13.2 (7.7-22.3)  0.58 (0.28-1.19) 0.14 0.52 (0.24-1.13) 0.098
Serum zeaxanthin/lutein p for trend 0.772

Low (<42.9) 130 4,611.4 11 12.1 (6.7-21.4)  1.00 1.00

Medium (42.9-57.3) 130 5,291.5 17 17.9 (11.2-28.0) 1.37 (0.64-2.94) 0415 1.58 (0.71-3.53) 0.266

High (>57.3) 131 49442 10 9.4 (5.1-17.1)  0.87 (0.37-2.06) 0.756 0.95 (0.39-2.32) 0.908
Serum cryptoxanthin p for trend 0.618

Low (<11.2) 129  4,591.6 12 12.2 (6.9-20.9) 1.00 1.00

Medium (11.2-22.1) 130 4,906.2 16 17.1 (10.6-27.0)  1.26 (0.60-2.67) 0.544 1.37 (0.61-3.06) 0.445

High (>22.1) 132 53493 10 10.5 (5.5-19.7)  0.73 (0.32-1.69)  0.465 0.71 (0.29-1.72)  0.450
Serum lycopene p for trend 0.286

Low (<19.8) 120 48270 15 17.5 (10.5-28.3) 1.00 1.00

Medium (19.8-35.8) 131  4,954.6 11 10.0 (5.6-17.6)  0.71 (0.33-1.55) 0.395 0.61 (0.27-1.36) 0.223

High (>35.8) 131 5,065.5 12 13.1 (7.3-22.9)  0.76 (0.36-1.63) 0.48 0.73 (0.33-1.59) 0.428
Serum o-tocopherol p for trend 0.788

Low (<753.0) 128 5,143.1 11 12.0 (6.6-21.2)  1.00 1.00

Medium (753.0-983.9) 132 5,052.6 11 13.3 (7.4-23.3) 1.01 (0.44-2.33) 0.983 0.91 (0.39-2.10) 0.820

High (>983.9) 131 4,6514 16 15.7 (9.3-25.8) 1.60 (0.74-3.45) 0.232 1.87 (0.84-4.19) 0.126
Retinol intake p for trend 0.666

Low (<190.2) 130 4,778.5 14 14.7 (8.6-24.4) 1.00 1.00

Medium (190.2-313.1) 130 4,985.2 15 16.7 (9.8-27.7)  1.02 (0.49-2.12) 0.948 1.08 (0.51-2.32) 0.834

High (>313.1) 131  5,083.4 9 9.5 (4.9-17.7)  0.60 (0.26-1.40) 0.239 0.62 (0.23-1.68) 0.346
Carotene intake p for trend 0.331

Low (<3,281.4) 130 4,578.9 9 10.8 (5.2-21.6) 1.00 1.00

Medium (3,281.4-5,042.8) 131 4,789.0 16 17.6 (11.4-26.7) 2.02 (0.91-4.46) 0.083 2.30 (0.97-542) 0.058

High (>5,042.8) 130 5,479.2 10 11.6 (6.2-21.0)  0.94 (0.38-2.33) 0.901 1.19 (0.41-3.44) 0.746
Vitamin A intake p for trend 0.493

Low (<2,398.8) 130 4,510.5 11 12.2 (6.3-22.9)  1.00 1.00

Medium (2,398.8-3,466.7) 131 4,921.0 16 15.1 (9.4-23.9) 1.33 (0.62-2.87) 0.463 1.32 (0.59-2.97) 0.500

High (>3,466.7) 130 5.415.6 11 12.6 (3.8-22.2)  0.84 (0.36-1.95) 0.689 0.92 (0.33-2.54) 0.873
Vitamin E intake p for trend 0.834

Low (<6.7) 130 4,431.0 12 13.8 (7.5-24.7)  1.00 1.00

Medium (6.7-8.7) 130 5,128.1 15 14.1 (8.6-22.6)  1.08 (0.51-2.31) 0.842 1.06 (0.44-2.56) 0.892

High (>8.7) 131 5,288.0 11 125 (6.8-22.1)  0.78 (0.34-1.77)  0.55 1.00 (0.30-3.38) 0.998

Cox’s proportional hazard model showing the hazard ratio for progression over a cumnulative 60-month period. The adjusted model was identical
to-the model used in Table 3. The units of micronutrients are expressed as pg/dL
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effects were weaker or not found with a higher level of
serum beta-carotene (HR 0.52, 95 % CI 0.24-1.13,
p = 0.098). In contrast, a high carotene intake did not
show an inverse relationship, but rather a non-significant
increase in progression (HR 2.30, 95 % CI 0.97-5.42,
p = 0.058). There was no significant association between
other serum micronutrients and risk for CIN progression.

Discussion

The role of environmental factors, including micronutrients
and tobacco smoking, in cervical carcinogenesis has been
discussed. Smoking status in particular interfered with
serum levels and intake of carotenoids as shown in
Tables 1 and 2. In smokers, food intake is intrinsically
lower than in non-smokers [22]. From the questionnaires,
the intake per day of all micronutrients, except retinol and
tocopherol, was lower in current smokers than in non-
smokers, suggesting an unbalanced diet resulting from
either smoking or other lifestyle behaviors (Table 1).
Serum levels of alpha-carotene, beta-carotene and crypto-
xanthin were inversely correlated with smoking status, but
alpha-tocopherol was not correlated with smoking status
after adjusting for age, BMI and frequency of alcohol
intake (Table 2). These data were consistent with a previ-
ous report in which smoking was shown to affect serum
beta-carotene levels but to have no effect on alpha-
tocopherol levels [23]. Though alpha-tocopherol and beta-
carotene are well known as antioxidants, the antioxidant
effect of alpha-tocopherol is not due to a reaction with
oxygen. In contrast, beta-carotene does react with oxygen.
This suggests that there is a difference in the mechanisms
of antioxidant reaction [24].

In regression subjects, we expected to find a protective
effect from high serum levels or intake of carotenoids;
however, neither of these had protective effects. We
assume that smoking status modulates dietary intake or
serum levels of micronutrients. Therefore, we investigated
the association between dietary intake or serum levels of
micronutrients and CIN regression, taking into account
smoking status (Tables 3, 4, 5). In non-smoking regression
subjects, regression was significantly related to the serum
levels of zeaxanthin/lutein. This relationship was not found
in current smokers. In a similar example, an isoflavone has
a protective effect for lung cancer, but the effect is abol-
ished by smoking [25]. It was reported that zeaxanthin/
lutein may be a useful marker of intake of leafy vegetables,
spinach, green peas, broccoli and seaweed [26]. Zeaxan-
thin/lutein is chemically more hydrophilic than other
carotenoids such as alpha- and beta-carotene, lycopene and
beta-cryptoxanthin. The mechanisms of a potential pro-
tection against carcinogenesis may include: induction of

apoptosis, inhibition of angiogenesis, enhancement of gap
junction intercellular communication, induction of cell
differentiation, prevention of oxidative damage, and
modulation of the immune system. Serum levels of lutein
have been inversely associated with cytochrome CYP1A2
activity, a hepatic enzyme responsible for the metabolic
activity of a number of putative human carcinogens [27].
High serum levels of alpha-tocopherol tend to have an
inhibitory effect on regression in smokers (Table 4).
There is a similar effect in that supplemental vitamin E,
presumably causing a high concentration of alpha-tocoph-
erol, is associated with an increased risk of lung cancer,
which was confined to current smokers [28]. Alpha-
tocopherol is considered to be an antioxidant, but it might
act as a pro-oxidant [24].

Though a weak and non-significant protective effect of
dietary intake or low serum concentration of beta-carotene
has been observed previously [10, 15, 29, 30], we found
that a medium serum level of beta-carotene showed a
significant protective effect on CIN progression, whereas
this protective effect at higher serum levels of beta-caro-
tene was weaker or abolished (Table 6). These data appear
to be consistent with in-vitro experiments reporting that
very high concentrations of beta-carotene decreased anti-
oxidant and/or induced pro-oxidant effects [31, 32]. Based
on epidemiological studies that have shown an association
between a low intake of carotenes and human cancers [33],
an intervention study was conducted for the prevention of
lung cancer [34]. However, it was paradoxically reported
that high serum levels of beta-carotene induced by oral
supplements promoted lung cancer in male heavy smokers
aged 50-69 years. In CIN, oral beta-carotene supplemen-
tation did not enhance CIN regression in a randomized,
double-blind phase II trial [35]. One explanation for these
failures may be that oral supplements induced extremely
high serum levels of beta-carotene. Taken together, these
data suggest that medium serum levels of beta-carotene
may interfere with CIN progression or cancer development.

There was a discrepancy between the results of dietary
intake and serum levels of beta-carotene. Endogenous
metabolic processes may influence the serum concentra-
tions of micronutrients. In fact, inconsistent results of the
serum levels and dietary intake of alpha-tocopherol in
patients with prostate cancer, and contradictory results of
retinol in patients with cervical cancer, have been reported
previously [14, 36, 37]. Additionally, there is limited die-
tary intake information obtained from questionnaires
because of inherent recall bias. We examined the residual
confounding factors, including passive smoking, the num-
ber of sexual partners, and serum Chlamydia 1gG antibody,
in addition to the adjusted model. Despite confounding by
other risk factors included for adjustments, the analyses did
not change the conclusion.
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To our knowledge, this is the first large-scale prospec-
tive cohort study for CIN outcome to report an association
between serum levels of antioxidant micronutrients adjus-
ted for potential confounders including CIN grade, HPV
genotype, age, total energy intake and smoking. To make
our comparisons, we investigated not only serum levels but
also dietary intake of micronutrients, despite the fact that
food-intake questionnaires contain limited information. It
is known that the accuracy of recalling past dietary intake
is influenced by current dietary habits [38]. There are
inconsistent results between previous case—control and
cohort studies. However, our discrepant results did not
reach the conclusion that women with CIN received a
benefit from consuming a beta-carotene-rich diet. How-
ever, not smoking and maintaining high serum levels of
zeaxanthin/lutein, presumably by intake of leafy vegeta-
bles, spinach, green peas, broccoli, and seaweed, are
advantageous for the prevention of cervical cancer.

This study has some potential limitations. We included
only CIN patients with an available serum sample for
measurement of serum nutrients [18]. The majority of CIN
patients already had persistent HPV infection at enrollment
in the present study. If these nutrients play an important
role in preventing persistent HPV infection, we cannot
determine that role in this cohort study. The food intake
contains not only the micronutrients being investigated but
also other nutrients and mixtures. The incident number of
progression cases was small and it was difficult to analyze
by smoking status. A large-scale cohort study with a longer
period of observation is required to clarify the association
between serum levels or dietary intake of micronutrients
and the risk of developing cervical cancer.
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Case Report

A 48-year-old woman with no notable medical or family history
visited our hospital with a complaint of abdominal bloating, An ultra-
sonography scan showed severe accumulation of ascites in her pelvis,
and magnetic resonance imaging revealed a solid mass measuring 15
cm in diameter. The mass was assumed to be ovarian cancer (OC)
accompanied by carcinomatous peritonitis.

We performed abdominal total hysterectomy, bilateral salpingo-
oophorectomy, pelvic lymphadenectomy, para-aortic lymphadenec-
tomy, and omentectomy as staging laparotomy and debulking surgery
for OC. The left ovary measured 15 cm in diameter, and the tumor was
present on its surface. The volume of ascites was 8,250 mL, although
neither peritoneal metastasis nor carcinomatous peritonitis was
noted. A careful examination of the peritoneal cytology, involving the
centrifuged pellet from almost all of the ascites, failed to detect any
malignant cells. Pathologic examination confirmed that the pelvic
mass was OC (endometrioid adenocarcinoma, G1), and the Interna-
tional Federation of Gynecology and Obstetrics stage was Ic(a). No
metastasis was detected in the omentum, lymph nodes, and lymph
duct or vessels. However, pathologic examination incidentally re-
vealed lymphangioleiomyomatosis (LAM) in the lymph nodes and
lymphatic vessels (Fig 1). Hematoxylin and eosin staining revealed
oval to short spindle-shaped smooth muscle-like cells (LAM cells)
aggregating and proliferating in a nodular pattern within lymph
ducts and vessels (Fig 1A). The LAM cells were positive for smooth
muscle actin, HMB-45 (Fig 1B), estrogen receptor, and progester-
one receptor. High-resolution computed tomography of the chest
revealed six small (2 to 5 mm), thin-walled cysts in the upper lobes
of both lungs before the operation (Fig 2A, arrows). Pathologic
examination of the lymph nodes and lymphatic vessels indicated

that the pulmonary cysts were LAM lesions. In addition, a sarcoid-
like reaction, which contained noncaseating epithelioid cells, was
occasionally detected in regional lymph nodes (Fig 1C). This case
did not fulfill the criteria for systemic sarcoidosis, and there was no
evidence of metastatic ovarian adenocarcinoma.

Cell count, biochemical analysis, culture, polymerase chain reac-
tion for Mycobacterium tuberculosis, and cytologic examination of
ascitic fluid were performed for differential diagnosis of the massive
ascites. Abdominal ultrasonography and computed tomography were
also performed to identify the cause of ascites or findings suggestive of
portal hypertension. Bacterial peritonitis, tuberculous peritonitis, and
portal hypertension were not considered likely causes. Abdominocen-
tesis was frequently performed postoperatively to prevent abdominal
distention and to facilitate peritoneal cytology. No malignant cells
were detected after any of these procedures.

This patient was a suitable candidate for adjuvant chemotherapy.'™
Paclitaxel (180 mg/m?) and carboplatin (area under the curve, 6)
were administered once every 3 weeks. A severe adverse event
(grade 3 neuropathy as per the National Cancer Institute Common
Terminology Criteria for Adverse Events, version 3.0) occurred
after three cycles had been administered, and chemotherapy was
therefore discontinued.

In this patient, ascites had markedly diminished at 3 months and
disappeared at 6 months after the operation. Moreover, lung cysts and
pulmonary function did not subsequently worsen. No remarkable
changes in either the size or number of cysts were observed 5 years later
(Fig 2B, arrows). Figure 3 shows the postoperative changes in pulmo-
nary function expressed as a percentage of predicted forced vital ca-
pacity (FVC) and forced expiratory volume in the first second (FEV1).
These pulmonary function tests subsequently improved. The patient
remained well 5 years after the operation with neither recurrence nor
LAM symptoms.

Discussion
LAM isarare progressive disease that occurs almost exclusively in
women.® Although most patients with LAM demonstrate pulmonary
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involvement, patients with retroperitoneal or pelvic involvement at
lymph node sites have been reported.” Gynecologic diseases can some-
times display symptoms that are similar to those of LAM when ascites
is present, and a careful differential diagnosis is warranted.”® Further-
more, LAM is occasionally complicated by tuberous sclerosis,® but
tuberous sclerosis findings were not noted in our patient.
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Fig 2.

To date, there is no consensus regarding the most appropriate
therapeutic strategies for LAM, although hormone suppression ther-
apy such as oophorectomy, gonadotropin-releasing hormone agonist
treatment, or progesterone treatment can relieve the symptoms of this
disease. Female sex hormones are probably associated with the occur-
rence and progression of LAM; thus, hormone suppression therapy
has frequently been performed, which reportedly inhibits deteriora-
tion of respiratory function and may even stabilize it.>'° Although an
effective therapy for reliably preventing the progression of LAM has
not been identified, hormone suppression therapy is still adminis-
tered. LAM frequently occurs in women of reproductive age, and the
application of oophorectomy for the treatment of LAM has been
strictly limited, given that an attempt must be made to preserve fertil-
ity. However, in our patient, oophorectomy was performed as the
standard therapy for OC, which in turn resulted in female hormone
suppression and apparently contributed to the alleviation of LAM
symptoms, improved respiratory function, and reduced ascites. Be-
cause the patient was a never-smoker and had no symptoms of
Sjbgren’s syndrome or any other cystic lung disease, we concluded that
the cystic lesion in the lung was probably related to LAM.

Recently, a number of clinical trials on sirolimus (rapamycin) for
the treatment of OC have been undertaken.!" Sirolimus inhibits the
mammalian target of rapamycin pathway and has an immunosup-
pressive effect, and its efficacy and safety for LAM have also
been tested.'

OC is often referred to as a silent killer because it is usually only
detected in advanced stages, given that the early stages of the disease
are frequently asymptomatic. Clinicians should therefore consider the
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possibility of LAM in the differential diagnosis of OC and tumors with
unknown primary origin, especially when ascites is present.”® Al-
though Pseudo Meigs’ syndrome was a possible cause of ascites accu-
mulation in our patient, it was relatively unlikely because large
amounts of ascites are not usually associated with OC. Given that
repeated cytologic examinations of the ascites failed to detect any
malignant cells and that the lung lesions did not progress, we speculate
that the massive ascites accumulation was caused not by OC but by
LAM, and that the ascites diminished as a result of the oophorectomy.

Sarcoid-like reaction refers to the development of noncaseating
epithelioid cell granulomas in patients who do not fulfill the criteria
for systemic sarcoidosis. It is occasionally detected in a variety of
malignant diseases, occurring in 4% to 6% of carcinomas, and is most
commonly observed in the lymph nodes draining the cancer.'>'*
However, it has been reported in association with OC in only a
few cases.'>'S

There are a few reports of LAM in women in whom OC was
initially suspected because of massive ascites.® The case presented here
may be a rare example of OC coexisting with LAM and sarcoid-like
reaction, in which massive ascites resulting from LAM led to the
diagnosis of OC. In addition, it demonstrates that oophorectomy may
inhibit deterioration of respiratory function and may even stabilize it.
Although LAM is rare, we suggest that clinicians should include it as
part of the differential diagnosis of massive ascites in women patients.
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Principle and evolving role of
intraperitoneal chemotherapy in
ovarian cancer

Keiichi Fujiwara’, Shoji Nagao, Eriko Aotani & Kosei Hasegawa
TSaitama Medical University International Medical Center, Department of Gynecologic Oncology,
Saitama, [apan

Introduction: Intraperitoneal (i.p.) chemotherapy has been extensively studied
in the ovarian cancer field. Despite the fact that three large randomized trials
that were conducted in the United States showed survival benefit, meta-
analysis also showed survival benefit and the National Cancer Institute (NCI)
released a clinical announcement recommending i.p..chemotherapy for opti-
mally debulked advanced stage ovarian cancer in 2006, i.p. chemotherapy has

because of its toxicities.
Areas covered: In this review, previou

crapy, intraperitoneal chemotherapy,

sis of epitl hal ovarian cancer has been limited. One of the most characteristic fea-
tures of ovariar s the intraperitoneal (i.p.) spread of disease, even in the early
e, it has been considered reasonable to administer anticancer
agent directly into the i.p. cavity. This approach has been extensively investigated

both preclinically and clinically.

occurrence. T

The i.p. chemotherapy was first adopted for palliative purposes to control ascites
of various intra-abdominal malignancies in the 1950s. Since 1978, i.p. chemother-
apy has been used as a form of therapeutic intervention. After extensive Phase I and
Phase II trials, three large Phase III trials have been conducted in the United
States [1-3), and survival benefit was demonstrated by meta-analysis. However,
i.p. chemotherapy has not been adopted as a standard chemotherapy yet.

In this review article, we will discuss the principles and clinical aspects and future
perspectives of i.p. chemotherapy for ovarian cancer.

2. Basic concept of i.p. chemotherapy

The primary concept of i.p. chemotherapy is to directly expose the tumor tissue to
an extremely high concentration of anticancer agent by perfusing inside the perito-
neal cavity. However, some proportion of anticancer agent infused into peritoneal

10.1517/14656566.2013.820705 © 2013 Informa UK, Ltd. ISSN 1465-6566, e-ISSN 1744-7666 1797
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Article highlights.

Basic concept of i.p. chemotherapy is reviewed.
Clinical Trials that showed superiority of i.p.
chemotherapy are discussed.

Pharmacological and clinical evidence to support i.p.
carboplatin-based chemotherapy are provided.

New evidence surrounding i.p. chemotherapy since
2006 are considered.

Unanswered questions and clinical trial design for the
future are discussed.

°

This box summarizes key points contained in the article.

cavity will go into the capillary blood vessels adjacent to the
peritoneum and systemic circulation, and then return to the
inner core of tumor tissue through tumor microcirculation [4].
The drug concentration in the inner core of the tumor
depends on the drug pharmacokinetics.

The factors that determine the effect of i.p. chemotherapy
are as follows [4]:

1) direct penetration of anticancer agent into the tumor
tissue from the tumor surface;

2) diffusion of anticancer agent into the inner core of
tumor tissue through systemic blood circulation; and
most importantly

3) antitumor effect of the agent for ovarian cancer.

Based on these determinant factors, an ideal anticancer agent
for i.p. chemotherapy is one that is very systemically effective
against ovarian cancer, that penetrates deep into the tumor,
and that stays in the peritoneal cavity for prolonged periods
as this would result in a low incidence of systemic adverse
effects, while providing satisfactory drug concentrations in
the inner core of tumor tissue. However, things are not that
easy because penetration of anticancer drugs from the tumor
surface is limited to a few millimeters. Also, ensuring that the
agent remains in the peritoneal cavity for a long time while
maintaining a high concentration in the inner core of the
tumor is a pharmacologically contradictory phenomenon.

In brief, because of the structure of mesothelium, larger or
water-insoluble agents stay longer in the peritoneal cavity
but concentration of the inner core of the tumor is low
(Figure 1A), whereas smaller molecules or water-soluble agents
can go into inner core of the tumor easily but stay for a shorter
time in the peritoneal cavity (Figure 1B) (4]

Table 1 shows the list of anticancer agents for i.p. chemo-
therapy and their molecular mass, water solubility and (peri-
toneal cavity:plasma) rato of drug levels. As shown in
the Table 1, larger molecular mass and water insolubility
correlate well with a larger peritoneal:plasma ratio. As for
those agents showing a larger peritoneal:plasma ratio in
spite of smaller molecular mass and good water solubility,
such as S-fluorouracil (5-FU), it suggests that those agents
are metabolized in the liver through the portal vein.

Since penetration of anticancer agents from the tumor sur-
face is limited, the indication for i.p. chemotherapy should be
restricted to the small residual disease if the i.p. chemotherapy
is considered to be a regional therapy in the peritoneal cavity.
In this setting, the ideal chemotherapy agents are large mole-
cules such as paclitaxel or mitoxantrone. As shown in Table 1,
platinum agents, which are the most effective against ovarian
cancer, do not stay long in the peritoneal cavity; therefore,
these are not suitable for the ‘genuine’ Lp. chemotherapy.
However, these agents can easily enter the systemic circulation
and uldmately reach the inner core of tumor tissue. There-
fore, i.p. chemotherapy using platinum agents can be
hypothesized to be one route of systemic chemotherapy.

3. Phase Ill trials of i.p. for ovarian cancer

There are eight published comparative studies of i.p. versus
intravenous (i.v.) administration for ovarian cancer. Among
them, three randomized trials conducted in the United States
are the most important because the size of the trials was
large enough.

The first randomized trial conducted by South Western
Oncology Group (SWOG) and Gynecologic Oncology
Group (GOG) 104 was published in 1996 (1. In this trial,
patients with small residual disease (< 2 cm) were randomized
to receive six cycles of iv. cyclophosphamide (600 mg/m?)
plus either i.p. or iv. cisplatin. The dose of cisplatin was
100 mg/m2 for both groups, and the treatment was repeated
every 3 weeks for six cycles. In the 546 eligible patients, the
estimated median survival was significantly longer in the i.p.
group (49 months; 95% confidence interval [CI]: 42 —~ 56)
compared to the i.v. group (41 months; 95% CIL: 34 - 47).
The hazard ratio (HR) for the risk of death was 0.76 (95%
CI: 0.61 - 0.96; p = 0.02) in favor of i.p. therapy. Although
moderate-to-severe abdominal pain was more frequent in
the i.p. group, grade 3/4 granulocytopenia and tinnitus, clin-
ical hearing loss and grade 2 - 4 neuromuscular toxic effects
were significantly more frequent in the i.v. group.

At the same time, as this important result was published,
the result of the GOG 111 trial was also published 5]. In
this trial, it was shown that replacing cyclophosphamide
with paclitaxel improved the median survival from
24 (95% CI: 21 - 30) to 38 (95% CI: 32 — 44) months (rel-
ative risk = 0.6; 95% CI: 0.5 - 0.8; p = 0.001) in advanced
ovarian cancer. Therefore, the consensus at the tme was
that replacing cyclophosphamide with paclitaxel is more
beneficial than applying i.p. administration of cisplatin.

The second i.p. trial was also conducted by GOG and
SWOG, and the results were published in 2001 (2). In this
trial, the patients were randomized to either i.v. paclitaxel
135 mg/m” over 24 h followed by iv. cisplatin 75 mg/m>
every 3 weeks for six cycles, or iv. carboplatin (area under
the curve [AUC] = 9) every 28 days for two cycles, then
i.v. paclitaxel 135 mg/m” over 24 h followed by i.p. cisplatin
at 100 mg/m> every 3 weeks for six cycles. Improved
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