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A. Clinical studies in Western countries

There has been only one study reported in the West, a recent pilot randomised controlled trial at the Center for Integrated Therapies, Dana-Farber Cancer Institute in Boston, USA (Lu et al, 2009). This was a small but high quality study of acupuncture versus sham acupuncture in two outpatient centres for patients with ovarian cancer who were undergoing chemotherapy.

Twenty subjects started the trial treatment, one week prior to the beginning of the second chemotherapy cycle, of whom 17 supplied data at the end point, at the start of the third cycle. They received 2-3 active or sham acupuncture treatments per week up to a total of 10 sessions. Active treatment comprised manual acupuncture at nine points (LIV3, K3, SP6, ST36, SP10, LI4, P6, LI11, DU20: these were selected from the literature and practitioner consensus), two of which also received electro- stimulation. Patients also had heat applied to their feet from a TDP infra-red lamp (presumably in place of moxibustion, which would not be possible in a hospital setting with smoke alarms). Points were needled to approx 10mm, with deqi required. The protocol was fixed for each patient and each session. Sham treatment used the same number of locations but at non-points nearby, with shallow insertion, no deqi and no current in the electrical stimulator.

There was approximately a two-fold reduction in neutropenia and leukopenia at the end of the trial in the acupuncture group compared to the sham. There were significant differences in white blood cell (WBC) count and leukopenia. The absolute neutrophil count showed a similar pattern to WBC but the difference did not reach statistical significance. Also there were not significant effects for plasma granulocyte colony-stimulating factor (G-CSF) despite a four-times larger value in the acupuncture group after the first week, prior to the start of the second chemotherapy cycle. It was suggested that this may be evidence of a priming effect of G-CSF before chemotherapy, which is promoted by acupuncture.

The authors concluded that this was a promising result suggesting that acupuncture treatment could protect against myelosuppressive chemotherapy but that it required larger studies to confirm and explore the potential benefits. They pointed out that the intervention had been easy to administer and was acceptable to the patients; also there were no serious adverse events. However, recruitment had proved very difficult, with 587 patients screened in order to recruit the 21 who were randomised. There were problems with competing trials, coordination with the timing of the chemotherapy, physician resistance and travel to the centre. The authors also touched on the problems of using a sham acupuncture control, which may underestimate the active treatment effects (Birch, 2006). Leading researchers in the field now recommend pragmatic trials, especially comparisons against usual medical care, rather than explanatory sham controlled trials (MacPherson et al, 2009; Wayne et al, 2009; MacPherson et al, 2008). In this trial a standardised acupuncture regime was used. This is not usual/best practice in general terms but it is commonly seen in the Chinese research in this area. Pragmatic trials would allow for normal individualised diagnosis and treatment. The decision to start the intervention one week prior to the next chemotherapy cycle may be sound in relation to prior Chinese research (see below). Choice of points, needling techniques and amount of treatment also fit well with Chinese findings. The frequency of sessions is less than the daily treatment seen in China but greater than is usual in the West. It would have been preferable to use moxibustion in addition to needling: there is a small amount of evidence of its particular effectiveness for leukopenia (see below).

B. Clinical studies in China

Previous systematic reviews

A meta-analysis from the same centre that carried out the trial reported above (Lu et al, 2007) identified 11 randomised controlled trials (RCTs) of acupuncture from 1979 to 2004, all Chinese and in non-Pubmed journals. They excluded moxibustion, Chinese herbs, laser and point injection with active substances. The control arms were usual care. The authors also identified two recent (both in 2003) Chinese meta-analyses but commented that they were too flawed to take note of their conclusions.

The median number of subjects per arm was 24. Manual acupuncture (MA) was used in 7 groups, electroacupuncture (EA) in 3 and warming needle in 2. Treatment was daily, with a median of 16 treatments over 21 days.

The reported outcomes were positive in all the studies, with effective rates of leukopenia recovery from 57 to 90%. For the 7 studies that gave such data the review authors calculated a weighted mean difference of 1221 cells/μL (p<0001) in favour of the acupuncture groups. Covariate analysis indicated that EA was associated with a greater effect than MA but that neither pre-loading acupuncture (i.e. starting it before the chemotherapy, rather than concurrently or post-chemotherapy) nor the presence of leukopenia at baseline were significant factors,

The positive results of the meta-analysis need to be qualified by noting the likelihood of publication bias and the poor methodological quality of the studies, especially uncertainties about randomisation and the treatment of withdrawals and dropouts. Many of the studies had only short periods of observation and did not complete full chemotherapy treatments. It was concluded that the review was more useful in providing information about technical parameters for acupuncture treatment of leukopenia than in establishing evidence of effectiveness.

This review

For the period 1990 to 2009 we found 9 controlled trials on human subjects, also all Chinese, but they were in fact available from Pubmed or other English language databases (Amed. Embase). The Chinese Academic Journals database was also searched, for the last five years only. This unearthed no new trials (except for one with G-CSF being injected into acupuncture points, which was not included) but we were restricted to journals with English abstracts. Further papers were evident when following up references cited in these but they were all in Chinese and hence not accessible to us. Two new review papers were located (Zhao et al, 2003a and b: these may be essentially the same review but published in different journals). Unlike Lu et al (2009) moxibustion treatment was not excluded (but laser, point injection and herbs were).

We also located three RCTs with animal models and six observational studies, four of which were described in a review paper (Zhou et al, 1999) and the other three listed in English language databases. All were Chinese.

i) Controlled trials on human subjects

Of the nine controlled trials six compared acupuncture (or moxibustion or both) to leucogenic drugs or to no treatment. The other three were comparisons of different acupuncture approaches with no non-acupuncture comparator.

a) Acupuncture v. usual care or no treatment

The control group in these six studies was most commonly defined as leucogen or leucogenic drugs. The name ‘Leucogen’ appears only in Chinese and Russian literature and appears to be synonymous with G-CSF.

Two of the six studies had been included also by Lu et al (2009) (Chen and Chen, 2001; Chen and Huang, 1991); two had been excluded, one for no randomisation (Liang et al, 1996) and one for using moxibustion rather than acupuncture (Liu et al , 2002); two were too recent for their review (Ye et al, 2007; Yang et al, 2006). All the studies reported significantly higher WBC counts in the acu-moxa groups, as did the reviews of Zhou et al (1999) and Zhao et al (2003a, 2003b). Further details of the individual trials are presented below.

Ye et al (2007)

[groups not randomised]

Subjects: n=139; four types of cancer; undergoing chemotherapy

Acupuncture treatment (n=48):  electroacupuncture (EA) at points St 36 and Sp 6 plus others according to traditional Chinese medicine diagnosed syndromes (i.e. a semi-standardised protocol); daily for five days, repeated for four cycles in total.

Comparator groups: a) no treatment (n=49), b) leucogenic drugs (n=42).

Outcomes: (random samples of 21 from each group were taken for blood analysis) WBC numbers dropped in all groups from pre-chemotherapy to the end of the fourth course but in the EA group the difference (660 cells/μL ) was non-significant (at 95% probability) whereas the other decreases (1970 and 3130 cells/μL  respectively) were significant (p<.01). T cell populations and NK cell activity showed similar effects.

Yang et al (2006)

[in Chinese; abstract only used]

Subjects: n=54, gastro-intestinal cancer, post- or ongoing chemotherapy 

Acupuncture treatment: acupuncture plus moxibustion at one point (St36) plus medication (G-CSF).

Comparator group: Medication only.

Outcomes: 83.8% complete remission (outcome related to WBC and/or the neutrophil count, but exact definition unknown) for the acupuncture group compared to 60.3% for the control group. Levels of adverse events were significantly lower in the acupuncture group (4.4% v. 16.4%).

Liu et al (2002)

[in Chinese; abstract only]

Subjects: n=81 with mid to late-stage cancer

Acupuncture treatment: moxibustion plus Chinese herbs

Comparator groups: a) herbs alone, b) placebo (undefined in the abstract as to its nature)

Outcomes: only in the moxa group was there no significant drop in the lymphocyte numbers. Both of the herb groups showed increases in T lymphocytes whereas they decreased in the placebo.

Chen and Chen (2001)

Subjects: n=57 with 3 types of cancer

 Acupuncture treatment: EA at St36 and Sp6 for one month, concurrently with the chemotherapy

Comparator group: leucogenic drugs

Outcomes: the leukocyte count was higher in the EA group (p<.05), though it did not recover to the pre-chemotherapy level). Neither T cell sub-sets nor IgG, IgA, and IgM  decreased significantly over the course of the trial. 

Liang et al (1996), reported in Zhou et al (1999)

[groups not randomised]

Subjects: n=58 in the acupuncture group plus unknown in the other group

Acupuncture treatment: daily acupuncture at LI 11, LI 4, St 36, Sp 6 for 7 days

Comparator treatment: leucogenic drugs

Outcomes: acupuncture group better than the control (p<.001). Effective after 5 days. Outcome measure undefined

Chen and Huang (1991)

[in Chinese: abstract only]

Subjects: n=376, mid to late stage cancer

Acupuncture treatment: a) acupuncture plus moxa on the needle, b) direct moxibustion

Comparator group: leugogenic medication (butyl alcohol, pentoxyl). 

Outcomes: both acu/moxa groups were significantly better than the medication group (p<.01). Acupuncture plus warm needle 88.4% responders; control 38.2% responders. Responders defined as WBC > 4000/ μL. The effect was superior in patients with higher baseline WBC levels. 

b) Comparative trials without a non-Chinese medicine group

One study with 221 patients (Zhao et al, 2007) compared moxibustion (indirect, on a slice of ginger, at points largely on the back) against oral Chinese herbal medicine. After 10 daily treatments the moxibustion group showed significantly less leukopenia and this was maintained when measured 15 days later.

Two studies (Du et al, 2001; Wu et al, 1997) looked at the effect of starting a course of acupuncture concurrently with the chemotherapy treatment or alternatively beginning it 5-7 days beforehand. In both cases there was significantly less leukopenia for the groups started before chemotherapy.

ii) Controlled trials on animals

 In a recent study with rabbits (Mao et al, 2008), where leukopenia had been induced by injecting cyclophosphamide, the EA group maintained a significantly higher leucocyte count than the no-acupuncture group. Cui and Yan (2007) set up a 6-arm RCT with rats, comparing acupuncture (one point only), moxibustion (the same single point), sham acupuncture (a non-point), medication (leaucogenic drugs), no intervention except the chemotherapy, no intervention at all. After 11 daily treatments there was a significant increase in leukocyte counts in all three verum groups, but greatest for moxibustion. Similarly spleen mass and function and G-CSF responded best in the moxibustion group. In a trial comparing different acupuncture points for their haemopoietic effect in rats injected with cyclophosphamide, St36 was found to be more effective than Du14, which was better than Bl23 (Yang et al, 1994). Non-points on the tail had no obvious effect. 

iii) Observational studies

The six studies (Huang et al, 1993; Wei 1998; others cited in Zhou, 1999) have used a variety of types of acu-moxa interventions (see below). Numbers of patients ranged from 30 to 120. Effectiveness was usually measured as % subjects with WBC count at least 4000 cells/μL. The outcomes achieved were effectiveness rates of 80-90% after courses of 6-30 days, though a substantial effect (60-75%) was noted after only 3-6 days. Treatment was given daily.

iv) Suggested acupuncture treatment procedures based on the reported studies and the review of Zhou et al (1999)

Points

Most commonly used points: St36, Sp6, Bl20, Du14, LI11, LI4, P6, Bl18 (but many others have been used too)

Most trials appeared to use a fixed protocol but some were semi-standardised with the variable component based on individual TCM pattern diagnosis

Numbers of different points used: 1-10 (possibly more if semi-standardised).

Modality

Many methods of point stimulation have been used: acupuncture, electroacupuncture, acupuncture plus moxibustion, direct and indirect moxibustion, microwaves and point injection (with dexamethasone, inosine, G-CSF and other substances). Chinese herbal medicine has been administered with or without acupuncture. All modalities were reported to be effective. Where there have been direct comparisons moxibustion has proved better than acupuncture or herbs – but based on only one trial in each case.

Amount and frequency of treatment

Treatments have almost always been reported as daily in Chinese trials, with 6-10 sessions per course and 1-3 courses. [Lao et al (2007): median number of treatments was16]

Timing of treatment in relation to chemotherapy

Two RCTs have shown better results when the course of acupuncture commences before chemotherapy (5-7 days) rather than at the same time. [Lao et al (2007) did not find this a significant effect but they did not include any studies that made this direct comparison, they could only analyse across studies].

Study population

There is insufficient evidence to draw firm conclusions about differential effects for different types of cancers, but there has been no indication of such effects in the literature to date. Lung cancer has been the most widely used in the Chinese trials, though usually mixed with one or more other types.

v) Use of acupuncture for leukopenia and neutropenia in normal practice in the West

Chinese protocols to ameliorate the myelo-suppressive effects of chemo- and radiotherapy have been exported to the West and taken into normal clinical practice. In particular moxibustion on back points has been a favoured approach and has the advantage that it can be taught to patients and their helpers for use at home (Staebler, 2009).

C. Suggested physiological mechanisms

Zhao et al (2003a and b) commented that acupuncture appears to operate through multiple mechanisms in its effect on leukopenia:

- promotes the release of WBC from bone marrow cells into the peripheral blood

- prolongs the life of WBC

- increases the activity of CSF

- promotes the proliferation of haemopoietic stem cells

- diminishes the damage to done to haemopoietic stem cells by chemotherapy

- improves the microcirculation

Lu et al (2009) reported that acupuncture could increase serum CSF and promote the maturation of granulocytes. They also cited evidence of an effect on non-marrow factors, hence again suggesting multiple mechanisms.

D. Tangential research

Leukopenia in cancer patients unrelated to chemotherapy

Acupuncture was used successfully to regulate neutrophil and lymphocyte levels in gastric cancer patients with post-operative leukopenia (Yin et al, 2009).

Leukocyte populations in healthy people

Several Japanese studies (Yamaguchi et al, 2007; Mori et al, 2002; Yamashita et al, 2001) have noted changes in levels of granulocytes and lymphocytes, cytokine and natural killer (NK) cell activity, and concluded that acupuncture and moxibustion can regulate humoral and cellular immunity. Repeated acupuncture affected leukocyte levels in a randomised cross-over study cited by Lu et al (2009).

Other measures of immune function

Humoral and (especially) cellular immune function have been reported as being boosted by acupuncture and moxibustion in cancer patients (both those undergoing chemo- and radiotherapy and those who are not) with significant increases in several T lymphocyte subsets (Zhao et al, 1999; Wu et al, 1996; Yuan and Zhao, 1993). Immune system modulation has been noted also for various other conditions, such as asthma (Joos et al, 2000), autoimmune and inflammatory diseases (Kavoussi and Ross, 2007).

There are many reports of acupuncture and moxibustion improving NK cell activity, largely from China, South Korea and Japan. Most were animal studies (Kim et al, 2005; Choi et al, 2004; Hahm et al, 2004; Qiu et al, 2004; Huang et al, 2002; Du et al, 1998; Yu et al, 1997; Sato et al, 1996; Liu et al 1995) though it has also been documented with anxious women (Arranz et al, 2007), cancer sufferers (Wu et al, 1994) and in painful disorders (Petti et al, 1998). The more recent studies have also investigated the possible mechanisms involved: NK-related gene expression in the spleen (Kim et al, 2005), the sympathetic nervous system (Choi et al, 2004).

Conclusions

There are many publications from around the world (only a few of which have been referred to here) that demonstrate that acupuncture can affect different aspects of the immune system. However, an investigation into the specific area of chemotherapy-induced neutropenia/leukopenia is almost entirely dependent on Chinese research, most of it written in Chinese and published locally. Although updated here, the best information comes from the review and meta-analysis of Lu et al (2007), which reported a significant effect of acupuncture in comparison to usual care but pointed out that there were major deficiencies in the quality and reliability of the reports on which this result was based. Subsequently workers from the same US cancer institute have published data from their own small pilot trial (Lu et al, 2009), which largely confirms the Chinese results. It would appear that there is enough indicative evidence of effect, together with enough information on how to deliver the acupuncture treatment, to consider a) trying to replicate the US results, either with the same type of cancer or another, b) a pilot study comparing acupuncture to normal medical care, rather than ‘sham’ acupuncture, and/or c) running a larger trial. 
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